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1.  Introduction 

"  ^  The  purpose  of  this  study  was  to  assess  the  value  of  drifter 

data  taken  by  NRL  for  determining  horizontal  shears  in  the  ocean. In  the 
course  of  the  study,  we  have  addressed  two  general  issues.  '  The  first^is 
an  evaluation  of  shears  from  the  smoothed  data  supplied  by  NRL  along  with 
an  assessment  of  the  significance  of  these  evaluations.  The  other  issue 
is  a  general  assessment  of  the  use  of  drifters  for  inferring  horizontal 


shears. 


["here  are  a  number  of  interrelated  questions  concerning  these 


issues.  I The  more  salipent  of  these  are:  How  representative  of  natural 
conditions  is  the  smoothed  data  set?  What  effect  does  the  smoothing 
procedureVhave  on  the  results?  Is  the  theoretical  basis  of  the  analysis 


sound?  Wharydoes  the  analysis  tell  us  about  physical  processes  occurring 
in  the  oceans  It  appeared  that  three  tasks  were  required  to  resolve  these 
issues.  These  were: 

/Vask  \)  Perform  an  analysis  on  drogues  1,  3,  5,  9,  16  and  20  to  obtain 
the  differential  kinematic  properties  (shear  deformation,  normal 
deformation,  vorticity,  and  horizontal  divergence)  in  a 
geographic  coordinate  system  (i.e.  north  and  east  components 
These  are  presented  in  tables  and  accompanied  by  graphs  of  the^J 
functions  versus  time.  Two  clusters  are  analyzed.  f)ne  was  a 
small-scale  cluster  composed  of  drifters  1,  3  and  5.  The 
other  was  a  large-scale  cluster  composed  of  1 ,  9  and  16. 

/Task  Zj  Perform  the  analysis  as  stated  in  Task  1  but  with  a  coordinate 
system  moving  with  the  center  of  mass  of  the  clusters.  Both  the 
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-  -large  and  small  scale  clusters  were  analyzed.  The  results  are 

presented  in  tables  and  accompanied  by  graphs  of  the  functions 
versus  timet 

•^Task  3)  Make  a  qualitative  assessment  of  the  calculation  and  the  effect  of 
turbulent  processes. 

Each  of  these  task  was  accomplished  and  the  results  are  described 
in  the  following  sections. 
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2.  Background 


2.1  Theoretical  Basis  of  Analysis. 

The  raw  data  obtained  from  drifters  are  estimates  of  position 
at  discreet  times.  If  a  cluster  of  drifters  are  located  within  a  small 
parcel  of  the  ocean,  then  a  Taylor's  expansion  yields  for  the  velocity  of 
the  I*"*1  drifter  (Molinari  and  Kirwan  (1975),  Okubo  and  Ebbesmeyer  (1976)) 
Ui=U+g.+[(0+N)X1]/2+[(S-t)Y.]/2 
Vi=V+h.+[(S+t)Xi]/2+[(D-N)Yi]/2 

i=l,...,n.  (1) 

The  U  and  V  are  the  components  of  the  velocity  of  the  center  of  mass  of  the 
parcel;  the  coordinates  with  respect  to  the  cluster  center  of  mass  of 
drifter  i  are  Xi  and  Y±;  and  gi  and  hi  represent  the  sum  of  the  higher 
order  nonlinear  terms  in  the  expansion.  From  the  experimental  standpoint, 
these  terms  also  include  measurement  errors  and,  perhaps,  random  turbulent 
motion.  In  these  equations,  the  velocity  gradients  across  the  parcel  have 
been  expressed  in  terms  of  the  elementary  differential  kinematic  properties 
(DKP) : 

D=3u/3x+3v/3y  (divergence) 

C=3v/3x-3u/3y  (vorticity) 

S=3v/3x+3u/3y  (shearing  deformation  rate) 

N=3u/3x-3v/3y  (normal  or  stretching  deformation  rate) 

Kirwan  (1975)  has  provided  physical  interpretations  of  these  quantities. 

The  horizontal  divergence  D  is  a  measure  of  the  parcel  area  change  without 

change  of  orientation  or  shape.  The  vorticUy  is  c  and  is  a  measure  of  the 

orientation  change  without  area  or  shape  change  of  the  parcel.  Shape 
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changes  without  change  of  area  or  orientation  are  given  by  S  and  N 
respectively.  The  former  is  for  the  shape  change  produced  by  differential 
motions  parallel  to  the  boundaries,  while  the  latter  is  for  motions  normal 
to  the  boundaries. 

The  physical  picture  given  by  the  model  equations  is  that  an 
individual  drifter's  velocity  is  composed  of  the  mean  translatory  velocity 
of  the  parcel,  plus  a  velocity  induced  by  the  rotation,  divergence,  and 
distortion  of  the  parcel,  plus  a  random  or  turbulent  velocity.  The  mean 
parcel  velocity  is  attributed  to  large-scale  (relative  to  cluster  size) 
motions,  the  induced  velocity  to  cluster-scale  motions,  and  the  random 
component  to  the  small-scale  turbulent  field.  The  scale  of  these  latter 
motions  is  assumed  to  be  much  less  than  that  of  the  cluster. 

Of  course,  the  DKP  in  (1)  vary  as  a  function  of  time.  However, 
the  analysis  procedure  (described  below)  requires  that  their  time  scales  of 
variation  be  larger  than  that  of  the  velocities.  At  this  time  there  is  no 
way  of  establishing  that  this  is  true  for  the  ocean.  In  practice,  one  makes 
fixes  as  often  as  possible  and  hopes  for  the  best.  Otherwise  it  would  be 
necessary  to  incorporate  the  method  of  stationary  phase  in  the  analysis. 

Such  an  effort  is  not  justified  under  the  goals  of  the  study. 

In  (1)  the  velocity  for  the  ith  drifter  was  calculated  by  taking 
centered  differences  of  the  smoothed  position  data: 
Ui(t)=[xi(t+at)-xi(t-At)]/2At 

V1(t)=[y1(t+at)-yi(t-at)]/2at 


(2) 
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Also,  the  average  velocity  components  were  calculated  from 
U=(  £  Uj/n 


V=(  <£  V.  )/n 
i=l  1 

where  n  is  the  total  number  of  drifters.  Finally,  the  drifter  positions 
with  respect  to  the  center  of  the  cluster  or  origin  for  (1)  is 
X  =x.-?x./n 

111  (4) 

W^i/" 

Thus,  in  (1),  U,  V,  U.,  Xi  and  Y_L  are  known  from  measurements 
at  each  discreet  time.  The  DKP  can  be  calculated  by  minimizing  the  residual 
kinetic  energy  term  E  =  +  *1i  )/2  (5) 

This,  however,  is  not  a  standard  least  squares  problem  since  there 
may  be  measurement  errors  in  both  the  velocities  and  the  positions.  More¬ 
over,  depending  upon  the  analysis  procedure,  the  position  and  velocity 
errors  may  be  correlated  (Kirwan  and  Chang,  1979). 

Let  us  see  how  these  errors  may  affect  the  analysis.  First  we 
express  the  observed  positions  as  sums  of  the  true  values  and  random  errors 
(for  least  squares,  errors  in  the  velocities  can  be  incorporated  in  g.^  and 
hi).  We  can  write 

X./2  =  X  +  a, 

i  i  i  ,,, 


V2  ■  ¥1 +  Bi 


where 


(X  ,  Ti)  =  h  true  position  values_>(a  )  =  h  random  errors. 
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Next,  substitute  (6)  into  (1)  to  obtain 
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_  _  _  _  —7  ~7  _ 

ux,  uy,  vx,  vy,  x  ,  y  ,  and  xy  are  estimates  from  the  observations  of  the 

true  values  of  the  appropriate  correlations.  The  o's  are  variances  and 

covariances  of  the  measurement  errors  in  these  estimates.  (Equations  (8) 

correct  algebraic  mistakes  in  Kirwan  and  Chang,  1979). 

Several  points  should  be  noted  about  (8).  First,  if  ai  h  ^  =0 

(i.e.  the  position  measurements  are  exact),  then  the  equations  reduce  to 

the  usual  normal  equations  for  multivariate  least  squares.  Second,  if  the 

position  errors  are  known  but  are  uncorrelated  with  the  velocity  errors, 

then  the  estimates  of  the  DKP  provided  by  (8)  will  be  less  than  the 

theoretic  estimate  given  by 


D+N  = 


ux  xy 

uy 


y 


—7  -7  — 7 
(x  y  -  xy  ) 


etc.  However,  this  bias  is  easily  removed  by  subtracting  the  known  position 

~7  —7  _ 

error  statistics  from  estimates  of  x  ,  y  and  xy  obtained  from  the  data. 

In  principle,  unbiased  estimates  of  the  DKP  may  be  obtained  in 
the  general  case  by  correcting  the  velocity-position  correlations  for 
correlations  of  their  errors.  Unfortunately,  these  correlations  are  much 
harder  to  determine  than  the  position  error  correlation  matrix.  Moreover, 
if  the  velocities  are  constructed  from  smoothed  trajectories,  the  smooth¬ 
ing  procedure  may  introduce  a  substantial  correlation  between  the  velocities 
and  positions. 

2.2  Analysis  Procedures 

The  comments  above  emphasize  the  importance  of  proper  planning 
of  the  data  analysis.  They  suggest  a  data  analysis  flow  diagram  of  the 
form 
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Raw  Position  Data  — 


Smoothed  and  i nterpolated- 
trajectories 


.Smoothed  and  interpolated- 
veloci ties 


DKP 


Unfortunately,  the  usual  procedure  is  to  process  the  data  in  series  rather 
than  parallel.  Thus  velocities  are  normally  not  obtained  directly  from 
the  raw  position  data  but  from  smoothed  and  interpolated  trajectories . 

Our  experience  has  shown  that  the  effects  of  the  procedure  of 
serially  processing  data  are  two-fold.  The  first  is  that  it  may  alter 
to  a  varying  degree  the  magnitude  of  the  elements  of  the  veloci ty-posi tion 
error  correlation  matrix 
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But  the  more  serious  effect  is  that  it  can  produce  long  term  trends  in 
the  matrix  elements.  This  can  hamper  quantitative  interpretations  of  the 
results  in  terms  of  physical  mechanisms  operating  in  the  ocean.  It  is  less 
likely  that  this  would  have  as  much  an  effect  on  qualitative  studies  such 
as  establishing  orders  of  magnitude  of  the  DKP. 

2.3  Sources  of  Error  in  Data 

There  are  three  potential  sources  of  error  in  the  data  supplied 
to  SAI  by  NRL.  These  are  position  errors,  windage  errors,  and  bias 
produced  by  the  smoothing  operator.  NRL  personnel  (T.  Gordon)  has  in¬ 
dicated  that  at-sea  tests  of  the  position  fixing  system  suggest  that  the 


most  probable  position  error  is  -  350  m  and  that  there  is  negligble 
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For  this  study,  we  have  taken  the  most  probable  error  as  the  rms  error. 

In  fact,  this  is  probably  an  over-estimate  since  the  smoothing  routine 
will  tend  to  reduce  random  position  errors. 

The  windage  problem  was  investigated  by  the  procedures  suggested 
by  Kirwan  et  al.  (1975).  For  the  wind  conditions  encountered  in  this 
experiment  and  the  type  of  buoy  used,  it  was  established  that  the  windage 
effect  was  negligble. 

From  the  data  supplied,  it  was  not  possible  to  establish  the 
effect  of  the  smoothing  operator  on  velocity  errors  or  on  the  correlation 
of  velocity  and  position  errors.  Despite  this,  it  is  felt  that  the  data 
is  sufficient  to  meet  the  objectives  of  the  study. 
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3.  Critique  of  Data 


3.1  General  Considerations 

Before  discussing  the  results  of  the  analysis,  it  is  useful  to 
summarize  the  essential  characteristics  of  the  data.  They  have  played  a 
role  in  the  design  of  our  procedures. 

Gordon  (1980)  has  described  the  procedure  for  smoothing  and 
interpolating  the  raw  position  data.  On  the  average,  raw  position  data 
were  taken  every  4  hours.  These  data  were  then  fitted  by  least  squares 
polynomials  ranging  in  degree  from  3  to  7.  These  polynomials  were  then 
evaluated  at  hourly  intervals.  These  smoothed  and  interpolated  positions 
were  subjected  to  a  number  of  analyses  as  described  below. 

It  has  been  our  experience  that  polynomial  fits,  especially  if 
the  degree  is  low  relative  to  the  number  of  data  points,  is  a  satisfactory 
procedure  for  smoothing  trajectory  data.  It  should  be  noted  that  other 
techniques  are  available  which,  in  our  view,  are  superior.  A  discussion 
of  other  such  options  is  outside  the  scope  of  this  work. 

There  are,  however,  two  characteristics  of  the  data  which  have 
limited  our  ability  to  interprete  quantatively  physical  processes  in  the 
ocean.  One  of  these  is  that  a  separate  parallel  analysis  was  not  made 
for  trajectories  and  velocities.  Problems  arising  from  this  characteristic 
were  discussed  in  section  2.2.  The  other  problem  is  that  the  interpolation 
procedure  provided  approximately  4  times  more  data  points  than  were  observed. 
This  means  that  the  data  points  have  a  built-in  correlation  with  a  lag  of 
about  4  hours.  This  effect  was  minimized  by  running  a  special  analysis 
utilizing  every  fourth  point.  This  procedure  also  should  reduce  some- 
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what  the  effect  of  correlations  of  velocity  and  position  imposed  by  the 
fitting  procedure.  This  reduction  can  not  be  quantified  at  this  time. 


3.2  Discussion  of  trajectories 

Trajectories  of  5  drifters  were  analyzed.  Drifters  9,  16  and  1 
comprised  what  is  called  here  the  large-scale  cluster.  Drifters  1,  3  and  5 
comprised  a  very  small  scale  cluster  on  the  western  edge  of  the  large-scale 
cluster.  Because  of  their  proximity  to  drifter  1,  drifters  5  and  3  provided 
very  little  kinematic  information  for  the  large-scale  cluster.  Thus,  two 
separate  analysis  were  conducted,  one  on  the  large-scale  cluster  and  one 
on  the  small-scale  cluster. 

Data  from  drifter  20  was  also  available  for  the  last  few  hours 
of  the  experiment.  Unfortunately.it  provided  little  new  kinematic 
information  since  it  stayed  in  a  line  with  drifters  9  and  16. 
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4.  Data  Analysis 


A  number  of  analyses  and  tests  were  performed  on  the  large-  and 
small-scale  clusters.  These  were  designed  both  to  assess  the  quality  of 
the  data  as  well  as  to  obtain  the  DKP.  The  following  sub-sections  discuss 
pertinent  aspects  of  these  analyses  and  the  results. 

4.1  Shear  and  Normal  Deformation  Rates  -  Large-Scale  Cluster 

First  we  shall  discuss  calculations  of  the  shear  and  normal 
deformation  rates  for  the  large-scale  cluster.  These  calculations  were 
made  for  both  a  geographic  coordinate  system  (north  and  east)  and  then 
for  a  natural  coordinate  system  oriented  along  and  normal  to  the  direction 
of  flow  of  the  cluster  center  of  mass. 

The  purpose  of  the  latter  calculations  was  to  see  if  there 
was  a  preference  for  shear  or  normal  deformation  in  a  natural  coordinate 
system.  Specifically,  this  test  was  designed  to  address  the  hypothesis 
that  the  dominant  horizontal  velocity  gradient  along  frontal  zones  is 
shear.  The  test  was  accomplished  by  transforming  both  shear  and  normal 
deformation  to  a  coordinate  system  in  which  the  y  axis  is  oriented  along 
the  instantaneous  direction  of  motion  of  the  cluster  and  the  x  axis 
points  to  high  pressure. 

If  G  is  the  angle  between  north  and  the  direction  of  motion 


of  the  cluster,  then  the  normal  and  shear  deformation  in  the  natural 
coordinate  system  can  be  found  from 
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Here  0  is  given  by 

e  =  tan'1  (U/V)+  n/2 

In  (9  ),  the  double  angle,  2  0,  trigonometric  functions  are 
expressed  in  terms  of  the  velocity  components  ( U , V)  of  the  center  of 
mass  .by  use  of  (10). 

The  time  histories  of  the  shear  and  normal  deformation  rates 
are  shown  in  Figs,  la  and  2a,  respectively.  Figs,  lb  and  2b  give  the 
deformation  rates  with  respect  to  the  natural  coordinate  system. 

Since  an  estimate  of  the  rms  position  error  was  provided  by 
NRL,  we  were  able  to  correct  the  deformation  rates  for  this  factor  as 
suggested  by  Ki rwan  and  Chang  (1979).  These  corrected  deformation  rates 
are  given  in  Figs.  3a  and  4a,  respectively.  Figs.  3b  and  4b  give  the 
corrected  deformation  rates  with  respect  to  a  natural  coordinate  system. 

4.2  Shear  and  Normal  Deformation  Rates  -  Small-Scale  Cluster. 

The  shear  and  normal  deformation  rates  were  calculated 

for  the  small-scale  cluster  for  a  geographic  coordinate  system  only. 

Figs.  5  and  6  show  that  the  results  of  the  calculations  are  quite  noisy. 
This  indication  was  supported  by  calculations  of  the  deformation  rates 
after  the  correction  for  the  position  error  (Figs.  7  and  8).  These  latter 
two  figures  show  that  the  correction  has  altered  substantially  the  time 
histories  of  the  deformation  rates. 

4.3  Vorticity  Balance  -  Large-Scale  Cluster 

The  vorticity  and  divergence  were  calculated  for  the  large- 
scale  cluster,  and  a  test  was  conducted  to  investigate  the  extent  to  which 
the  vorticity  equation,  given  below,  is  satisfied 

(c+f)  +  U+f)  D  =  R 
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Fig.  1  Shear  deformation  rates  for  the  large-scale  cluster  (without 
corrections  for  position  errors),  a  is  for  a  geographic  coordinate 
system,  and  b  is  for  a  natural  coordinate  system. 
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Fig.  2  Normal  deformation  rates  for  the  large-scale  cluster  (without 
corrections  for  position  errors),  a  is  for  a  geographic  coordinate 
system,  and  b  is  for  a  natural  coordinate  system. 


Fig.  2  Normal  deformation  rates  for  the  large-scale  cluster  (without 
corrections  for  position  errors),  a  is  for  a  geographic  coordinate 
system,  and  b  is  for  a  natural  coordinate  system. 


Fig.  3  Shear  deformation  rates  for  the  large-scale  cluster  (with  corrections 
for  position  errors),  a  is  for  a  geographic  coordinate  system,  and  b  is  for 
a  natural  coordinate  system. 
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Fig.  6  Normal  deformation  rates  for  the 
corrections  for  position  errors). 
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Fig.  7  Shear  deformation  rates  for  the  small-scale  cluster  (with  correcti 
for  position  errors). 
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Fig.  7  Shear  deformation  rates  for  the  small-scale  cluster  (with  correcti 
for  position  errors). 
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Here  f  is  Coriolis,  R  represents  friction,  baroclinic  torque  and  measure¬ 
ment  errors.  If  the  right  hand  side  of  (11) is  smaller  than  the  terms  on 
the  left  hand  side  and  often  changes  sign,  then  we  conclude  that  the 
mixed  layer  exhibits  a  barotropic  vorticity  balance.  This  condition 
provides  additional  confidence  in  the  data,  but  the  non-exi stance  of  this 
condition  is  not  sufficient  evidence  that  the  data  is  of  poor  quality. 

Fig.  9  shows  the  time  variations  of  divergence,  vorticity,  and 
the  three  components  of  the  potential  vorticity  equation.  The  time 
derivative  term  in  (11)  is  the  lightest  line  in  Fig.  9c  while  the  second 
term  on  the  left  hand  side  is  the  next  darker  line.  The  R  term  in  (n) 
is  represented  by  the  darkest  line  in  Fig.  9c. 

The  time  histories  of  vorticity,  divergence,  and  the  potential 
vorticity  components  also  were  calculated  with  the  corrections  for 
position  errors.  These  corrected  time  histories  are  shown  in  Fig.  10. 

4.4  Vorticity  and  Divergence  Rates  -  Small-Scale  Cluster 

The  vorticity  and  divergence  rates  were  calculated  for  the 
small-scale  cluster,  and  the  results  are  shown  in  Figs.  11  and  12, 
respectively.  The  time  histories  that  were  corrected  for  position 
errors  are  shown  in  Figs.  13  (vorticity)  and  14  (divergence).  As  with  the 
shear  and  normal  deformation  rates,  the  values  are  quite  noisy.  Also,  the 

position  error  corrections  substantially  alter  the  results. 

4.5  Assessment  of  Interpolation  Procedure 

Since  the  interpolation  procedure  produced  approximately 
4  times  more  data  than  was  observed,  tests  were  conducted  to  determine 
what  effect  the  interpolation  had  on  the  character  of  the  DKP.  This  was 
done  by  repeating  the  calculations  described  in  sections  4.1  through  4.4 
but  taking  only  every  fourth  data  point. 
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Fig.  9  Divergence,  vorticity,  and  the  potential  vorticity  equation  components 
for  the  large-scale  cluster  (without  corrections  for  position  errors).  For 
the  equation  components,  the  lightest  line  is  the  time  derivative  term,  the 
medium  line  is  the  di vergence-vorticity  term,  and  the  darkest  line  is  the 
residual  term. 
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Fig.  9  Divergence,  vorticity,  and  the  potential  vorticity  equation  components 
for  the  large-scale  cluster  (without  corrections  for  position  errors).  For 
the  equation  components,  the  lightest  line  is  the  time  derivative  term,  the 
medium  line  is  the  di vergence-vorticity  term,  and  the  darkest  line  is  the 
residual  term. 
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Fig.  12  Divergence  for  the  small-scale  cluster  (without  corrections  for 
position  errors). 


Fig.  12  Divergence  for  the  small-scale  cluster  (without  corrections  for 
position  errors). 
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Fig.  14  Divergence  for  the  small-scale  cluster  (with  corrections  for 
position  errors). 


Fig.  14  Divergence  for  the  small-scale  cluster  (with  corrections  for 
position  errors). 


The  shear  and  normal  deformation  rates  for  the  large-scale 


cluster  were  recalculated  for  both  coordinate  systems.  These  time 
histories  are  shown  in  Figs.  15  and  16,  respectively.  The  time  histories 
that  were  corrected  for  position  errors  are  shown  in  Figs.  17  and  18. 

The  shear  and  normal  deformation  rates  were  recalculated 
for  the  small-scale  cluster,  and  these  time  histories  are  shown  in  Figs. 
19  and  20,  respectively.  The  time  histories  corrected  for  position  error 
are  shown  in  Figs.  21  and  22. 

The  vorticity  and  divergence  rates  for  the  large-scale 
cluster  were  recalculated,  and  these  time  histories  are  shown  in  Fig.  23. 
Also  shown  in  Fig.  23  are  the  components  of  the  vorticity  equation.  Fig. 
24  shows  the  same  time  histories  but  with  the  position  error  correction. 

The  vorticity  and  divergence  rates  for  the  small-scale 
cluster  were  recalculated  using  every  4th  point,  and  these  time  histories 
are  shown  in  Figs.  25  and  26,  respectively.  These  time  histories  after 
being  corrected  for  position  error  are  shown  in  Figs.  27  and  28. 
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Fig.  15  Shear  deformation  rates  for  the  large-scale  cluster  using  every 
4th  data  point  (without  corrections  for  position  errors),  a  is  for  a  geo 
graphic  coordinate  system,  and  b  is  for  a  natural  coordinate  system. 


Fig.  15  Shear  deformation  rates  for  the  large-scale  cluster  using  every 
4th  data  point  (without  corrections  for  position  errors),  a  is  for  a  geo 
graphic  coordinate  system,  and  b  is  for  a  natural  coordinate  system. 


Fig.  16  Normal  deformation  rates  for  the  large-scale  cluster  using  every 
4th  data  point  (without  corrections  for  position  errors),  a  is  for  a  geo 
graphic  coordinate  system,  and  b  is  for  a  natural  coordinate  system. 


Fig.  16  Normal  deformation  rates  for  the  large-scale  cluster  using  every 
4th  data  point  (without  corrections  for  position  errors),  a  is  for  a  geo 
graphic  coordinate  system,  and  b  is  for  a  natural  coordinate  system. 


Fig.  17  Shear  deformation  rates  for  the  large-scale  cluster  using  every 
4th  data  point  (with  corrections  for  position  errors),  a  is  for  a  geo¬ 
graphic  coordinate  system,  and  b  is  for  a  natural  coordinate  system. 


Fig.  17  Shear  deformation  rates  for  the  large-scale  cluster  using  every 
4th  data  point  (with  corrections  for  position  errors),  a  is  for  a  geo¬ 
graphic  coordinate  system,  and  b  is  for  a  natural  coordinate  system. 


Fig.  18  Normal  deformation  rates  for  the  large-scale  cluster  using  every 
4th  data  point  (with  corrections  for  position  errors),  a  is  for  a  geo¬ 
graphic  coordinate  system,  and  b  is  for  a  natural  coordinate  system. 


Fig.  20  Normal  deformation  rates  for  the  small-scale  cluster  using  every 
4th  data  point  (without  corrections  for  position  errors). 


Fig.  20  Normal  deformation  rates  for  the  small-scale  cluster  using  every 
4th  data  point  (without  corrections  for  position  errors). 


Fig.  21  Shear  deformation  rates  for  the  small-scale  cluster  using  every 
4th  data  point  (with  corrections  for  position  errors). 


Fig.  21  Shear  deformation  rates  for  the  small-scale  cluster  using  every 
4th  data  point  (with  corrections  for  position  errors). 


Fig.  24  Divergence,  vorticity,  and  potential  vorticity  equation  components 
for  the  large-scale  cluster  using  every  4th  data  point  (with  corrections  for 
position  errors).  For  the  equation  components,  the  lightest  line  is  the 
time  derivative  term,  the  medium  line  is  the  divergence- vorticity  term,  and 
the  darkest  line  is  the  residual  term. 
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Fig.  24  Divergence,  vorticity,  and  potential  vorticity  equation  components 
for  the  large-scale  cluster  using  every  4th  data  point  (with  corrections  for 
position  errors).  For  the  equation  components,  the  lightest  line  is  the 
time  derivative  term,  the  medium  line  is  the  divergence- vorticity  term,  and 
the  darkest  line  is  the  residual  term. 


-51- 


Fig.  25  Vorticity  for  the  small-scale  cluster  using  every  4th  data  point 
(without  corrections  for  position  errors). 


Fig.  25  Vorticity  for  the  small-scale  cluster  using  every  4th  data  point 
(without  corrections  for  position  errors). 
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Fig.  27  Vorticity  for  the  small-scale  cluster  using  every 
(with  corrections  for  position  errors). 
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Fig.  27  Vorticity  for  the  small-scale  cluster  using  every 
(with  corrections  for  position  errors). 
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5.  Conclusions  and  Recommendations 


There  are  several  conclusions  and  recomnendations  which  emerge  from 
this  study.  These  are  discussed  delow. 

a.  Perhaps  the  most  important  fact  to  emerge  from  this  study  is 
that  the  orders  of  magnitude  for  the  DKP  from  the  large-scale  cluster  are 
completely  consistent  with  other  studies.  This  strongly  suggests  that 

the  data  have  provided  useful  qualitative  information  on  horizontal  shears. 

Recommendation 

In  order  to  perform  quantitative  mechanisms  in  which  horizontal  shears 
are  important,  it  will  be  necessary  to  use  the  original  unsmoothed  data  to 
construct  parallel  estimates  of  the  trajectories  and  velocities.  Then, 
from  this, the  DKP  and  vorticity  balance  should  be  recalculated. 

b.  Tests  of  the  interpolation  routine  and  position  error  effect  for 
the  large-scale  cluster  suggested  that  neither  played  a  significant  role 
in  the  qualitative  aspects  of  the  results. 

Recommendation 

In  any  future  calculations  with  this  data.it  would  not  be  necessary 
to  apply  position  error  corrections.  Any  problems  arising  from  the 
interpolation  procedure  would  be  overcome  by  following  recommendation  a. 

c.  Two  quantative  tests  of  the  data  were  performed.  They  were  the 
transformation  to  the  natural  coordinate  system  and  the  vorticity  balance. 
There  tests  failed  to  provide  quantitative  information  on  horizontal  shear 
mechanisms. 

Recommendation 

If  Recommendation  a  is  carried  out, these  calculations  should  be 
repeated. 
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d.  The  smoothed  data  from  the  small-scale  cluster  were  not  useful 


for  determining  small-scale  processes.  The  DKP  records  were  quite  noisey 
with  frequent  changes  of  sign.  Also,  corrections  for  position  errors 
substantially  altered  the  character  of  the  DKP.  From  this  it  appears  that 
the  problems  are  intrinsic  to  the  smoothed  data  and  not  related  to  external 
sources  of  error. 

Recommendation 

In  order  to  determine  whether  there  is  any  useful  information  in 
this  data,  it  will  be  necessary  to  use  the  original,  unsmoothed  data  and 
perform  parallel  analysis  for  the  trajectories  and  velocities,  and  then 
repeat  the  calculations . 

e.  All  four  DKP  for  the  large-scale  cluster  as  well  as  the  residual 
in  the  vorticity  balance  showed  a  dramatic  change  of  sign  around  hour  66. 
From  the  data  supplied  to  us,  we  have  been  unable  to  isolate  a  likely 
cause. 

Recommendation 

The  original  position  data,  meteorological  data  and  experimental  log 
should  be  examined  to  determine  if  anything  unusual  occurred  during  that 
time  period. 

The  recommendations  given  above  apply  to  the  data  set  on  hand.  These 
suggest,  however,  some  recommendations  for  future  experiments. 

1.  Parallel  processing  of  the  raw  position  data  is  essential. 

2.  It  would  have  been  better  to  have  had  one  cluster  with  five 

drifters  rather  than  separate  large  and  small-scale  clusters.  One  cluster 
with  a  large  number  of  drifters  should  provide  the  same  basic  information 
as  separate  clusters  but  with  added  statistical  reliability.  — 

- /  fu  // _ 


3.  Hydrographic  data  taken  along  the  trajectory  of  the  center  of 

mass  of  the  cluster  could  have  provided  very  important  information  on  the 

residual  of  the  vorticity  equation.  In  the  natural  coordinate  system,  the 

baroclinic  torque  term  is  very  nearly  3a_  where  T  and  N  are  in  the 

3T  3N 

tangential  and  normal  directions  of  the  trajectory.  The  hydrographic  data 

(even  XBT  data)  can  supply  a  sense  of  3a_.  Since  the  flow  is  very  nearly 

aT 

quasi-geostrophic,  the  sense  of  a£  is  known  by  inspection. 

aN 
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ld2o"FUKMAT(  MTht  FOLLOW  INC,  AKtl  PARAMETERS  OF  THL  NATURAL  bYbTtM*. 

1  //•  HOUR  ALPHA  EQ  19  EO  »il  S  PEED  N  DLF  S  DEF 

2/'/') 

—^-r—Dcr  ioio  i=isp.ifm  ■-*  '■  •  ••  --  — -  — 

KHl Tt (Owl Ol  )  I.(Xli.K) »K  = 1 •( Y(  I  »  K  ) »k.=l  »3  > 

iuio  cun r i nue 


‘  —“PLOT 


DO  3000  l=ISP.IFM 
I  AC 1-1SP+1 )  =  I 

3000  PA (  I-ISP+  1  >  =  Y|  I  .31  - - TTT~'"" - - -  - - 

E  ALL  bt.  E  (  3*  *  /  .  •  ■  u  *  a  0.0000  t>.+.  OOOOt>.i  ) 

CALL  HALF  AX(b*^*  1  .0.0.  .0.  .0  *Q  ) 

CALL  CURVt< IA .PA .JFM-ISP+ 1) 

'^CALL  SEn3..7.,b.l,7.1,10.,110.,-0.00001...00006,l  ) 

CALL  halF  AX(  b  «ci  .  1.0.0.  .O.  .0.0) 

DO  3010  I=»SP.IFM 
oOlO  PA(  I-1SP+1 >-S(I  ) 

,..-CALL  CURVE!  I  A. PA  .  IFM^TSPF  1>~  -  : -  ~  - . 

call  KOT(o.o.-yyY) 

CALL  SET!3..7..2.tt.4.a.l0..11O.  .— O.OOOOO.+O  .00006 . 1  ) 

CALL  HALF  AX  (S.2.1.O.0..0.  .O  .0  ) 

— T^  DO  3030  I  =1 SP  .  1 F  M  -  -rr  - —  — r-~i - rr* - 

j030  PA( f-ISP+1 >=Y! 1 .2) 

CALL  CURVEtlA.PA  .IFM-ISP+O 

C AL L  JjL  T(  3.  *7.  .£>  .1  .7.  1.10. .110..  u.OOOOo.^O  .OOUOt>.  1  1 

"  ‘CALL  HALF AX ( S .2 .  l»t>» O . »0»«Q . O )  . . . 

t)U  JU4U  l=ISP,IEfl 
30  AO  P  A  (  I  —  1  i»P+ 1  )  =N  II) 

CALL  CURVE  (  1  A  »PA  .  IFM-Lbt’+l  ) 

•  "7“  CALL"  PLOTlO.O.-yW)  . .  . 

CALC.  PUT.  VURT.  t  ON.  CIJMP.  •S. 

“  "  WRITE  (6.200  1  ) 

<iOU  1  FORMA  T<  •  1  »*OT.  VURI.  LJI.  LUMP.  .S*,//*  HOUR  TIME  ULR  U1  V*VUK 
1RLS#/V) 

DLNOM=2.*3t>UO  . 

~  '  1  SS=NS+2  - 

I  FF  =NF-2 

F  =  1  .  A  bbt — 04 »  3  1 N  (  .12. *2  .*3.  I4  1tnr/3fti).  ) 

DO  2000  I=13S.IFF 
FO=F+  YC(  1—1  )*l.v»AlL  — 11 
EN-F+YCl 1+1 )* 1 .VAIL— 1 1 
FR=F+YC(  1  )*1.  Va  1  L-U 

X  (  1  .1  >=  IVOR  (1+1  >+FN— VURd-l  )— FO  )/I)EM3M 
X!  I  .2 1=0!  I  )*( VUR  (I l+FRJ 


NO*  M AKtl  CALC.b  FUR  A  NAT URAL  CUUldJlNATL  i»Yi»T  LM 


DO  1UOO  I=ISP.IFM 

~~~  X  tl  .1  )=ATAN2  (  VVC  Cl  )  ,VXC(  I  »>*lU0./3.lAl5SJ—90. 
xt  I  .2>=i»t  IJ/IVYCU  >**2-vxCt  I  >*%2> 

XCI  .3)=N(  I  >-X  (  I  ,2>*2.*VXC (I )*VYC(  I) 

Vil.l  )=SURT(VXC(  1)**2+VYC( 1 »**2> 
r  ITT  V< I.2)  =  <N(I)*IVYC(I )**2~VXC( I l**2)-2.*St 1 >*VXC( 1>* 

1  VYUI))/Yll,l)**2 

lOOO  YU  .3>=(S(1>»(VYC(I)»*2-VXC(I>*»2>*2.*N(I>*VXCC  I)* 

1  VYCl I))/Y(I,1 >**2 

IT^LWRI  TE  (t».  1  020)  -  — •—*' -  - ' - — 

ld2o"FUKMAT(  MTht  FOLLOW  INC,  AKtl  PARAMETERS  OF  THL  NATURAL  bYbTtM*. 

1  //•  HOUR  ALPHA  EQ  19  EO  »il  S  PEED  N  DLF  S  DEF 

2/'/') 

—^-r—Dcr  ioio  i=isp.ifm  ■-*  '■  •  ••  --  — -  — 

KHl Tt (Owl Ol  )  I.(Xli.K) »K  = 1 •( Y(  I  »  K  ) »k.=l  »3  > 

iuio  cun r i nue 


‘  —“PLOT 


DO  3000  l=ISP.IFM 
I  AC 1-1SP+1 )  =  I 

3000  PA (  I-ISP+  1  >  =  Y|  I  .31  - - TTT~'"" - - -  - - 

E  ALL  bt.  E  (  3*  *  /  .  •  ■  u  *  a  0.0000  t>.+.  OOOOt>.i  ) 

CALL  HALF  AX(b*^*  1  .0.0.  .0.  .0  *Q  ) 

CALL  CURVt< IA .PA .JFM-ISP+ 1) 

'^CALL  SEn3..7.,b.l,7.1,10.,110.,-0.00001...00006,l  ) 

CALL  halF  AX(  b  «ci  .  1.0.0.  .O.  .0.0) 

DO  3010  I=»SP.IFM 
oOlO  PA(  I-1SP+1 >-S(I  ) 

,..-CALL  CURVE!  I  A. PA  .  IFM^TSPF  1>~  -  : -  ~  - . 

call  KOT(o.o.-yyY) 

CALL  SET!3..7..2.tt.4.a.l0..11O.  .— O.OOOOO.+O  .00006 . 1  ) 

CALL  HALF  AX  (S.2.1.O.0..0.  .O  .0  ) 

— T^  DO  3030  I  =1 SP  .  1 F  M  -  -rr  - —  — r-~i - rr* - 

j030  PA( f-ISP+1 >=Y! 1 .2) 

CALL  CURVEtlA.PA  .IFM-ISP+O 

C AL L  JjL  T(  3.  *7.  .£>  .1  .7.  1.10. .110..  u.OOOOo.^O  .OOUOt>.  1  1 

"  ‘CALL  HALF AX ( S .2 .  l»t>» O . »0»«Q . O )  . . . 

t)U  JU4U  l=ISP,IEfl 
30  AO  P  A  (  I  —  1  i»P+ 1  )  =N  II) 

CALL  CURVE  (  1  A  »PA  .  IFM-Lbt’+l  ) 

•  "7“  CALL"  PLOTlO.O.-yW)  . .  . 

CALC.  PUT.  VURT.  t  ON.  CIJMP.  •S. 

“  "  WRITE  (6.200  1  ) 

<iOU  1  FORMA  T<  •  1  »*OT.  VURI.  LJI.  LUMP.  .S*,//*  HOUR  TIME  ULR  U1  V*VUK 
1RLS#/V) 

DLNOM=2.*3t>UO  . 

~  '  1  SS=NS+2  - 

I  FF  =NF-2 

F  =  1  .  A  bbt — 04 »  3  1 N  (  .12. *2  .*3.  I4  1tnr/3fti).  ) 

DO  2000  I=13S.IFF 
FO=F+  YC(  1—1  )*l.v»AlL  — 11 
EN-F+YCl 1+1 )* 1 .VAIL— 1 1 
FR=F+YC(  1  )*1.  Va  1  L-U 

X  (  1  .1  >=  IVOR  (1+1  >+FN— VURd-l  )— FO  )/I)EM3M 
X!  I  .2 1=0!  I  )*( VUR  (I l+FRJ 


183. 

18  8. 
1  Bo. 
187. 
180. 
18V. 
1  VO. 
191. 
1V2. 
1  V 

IV  A. 

*1V5. 

1  Vo. 
19/. 
19b. 

'  1VV. 
20  J. 
20  1. 
202. 
20  3. 
'20-1. 
20  8. 
200. 
207. 
20o. 

20  V. 
210. 
211. 

2  12. 

21  3. 
21-». 
218. 

21  o. 
217. 
21  8. 
21V. 

22  0. 
22  1. 
222. 
22  3. 


-  4  1.3  >=xf  I  . 1 >  +X  <  1  ml 

:OUO»Hl Itlb.lUl)  l.Xtl. 

PLOT 


1 > .X(l .2).X(I .3) 


Call  SET(3- .7. .8.1  .7.1 .10..1 10- .-J.bOOOb.tO. 00008.1  ) 
CALL  HALT*  AX  t  8 . 2 . 1  .4.0.  .U.  »U  .0  » 

DO  20  AO  I=1SP.1HM 
'  "OT~"lACI-lSP-frll  =  I 
204  u~ Pa ( I— 1SP+ 1 > -Vuh t 1 ) 

CALL  CUKVL  (  IA.PA.1  FM —  I  SI  *+  1  > 

Call  -SET  (  3.  .7.  .7  .4.9.4.1U..  11  0.  ,  — U»  00  00  8.  +0  .  OOO  08. 1  ) 

'-•J~  :~vrCALL  HALFAX48.2. 1.4.Q..0. .0.0)  '  “  ^ --r  . 

bu  2080  I=18P.IFM  .  —  . .  ~~  -  *" 

2080  Pa( 1-18P+1 »=D(  I  ) 

call  cuRvt(  ia  .pa  ,ifm-isp+  i  > 

-.*T"  D0~20 1Q  I  — XSS .IFF  .  ‘  - -  - 

"  Ia(1-ISS-U)  =  I 

PA  C  I- ISS+ 1)=XII.1) 

2010  CONTINUE 

;  'r~ . "CALL  SET(3-.7.  ,2.8.  A.  8.  10..U0.. -0.000000005.  +0.00000 

Call  nalPax<8. 2. i.8.o. .o.. o.O) 

Call  nEwpenu) 

CALL  CURVE!  IA.PA.IFF— ISS+l) 

.  r— call  ne«pen(3)  - -  - - 

DU  2020  1=1  SS  .IFF"  “  -  ~  - - - • - - 

2020  PAC  I-ISS+1  )=XC  1 .2) 

CALL  CURVE! IA. PA. IFF-ISS+1) 

'CALL  NEWPENI8)  ' - - 

DU  2030  1=1 88. IFF 

2030  PA( 1-188+1 )=X( I .31 

CALL  CURVE!  1A.PA  ,  IFF  —  ISSFI) 

."CALL  PLOTCO.O.-VVV)  '*  "  "  ' 

"Call  plot (o.o.+vw) 

STOP 

END 

7 TLXEDIPLOTLltl  DO  DSN=USERiOCN.GU INASSO -30BLia.DISP=SHR  '  ’  ' 

X7LK.E0.8Y8IN  DO  * 

INCLUDE  PLOTLIU! PLOT V TEC. PER IM.P4RX ) 

77G0.8YSIN-  DO  DbN-WYL  .  JL.AL1H.  LaR«»  I.iil  8P=S>« 

'♦ewEL-rr-..-:  . . ;'.r:::v  ■  •  *  ••• — T'Trrr.;":'-' 
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217. 
21  8. 
21V. 
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22  1. 
222. 
22  3. 


-  4  1.3  >=xf  I  . 1 >  +X  <  1  ml 

:OUO»Hl Itlb.lUl)  l.Xtl. 

PLOT 


1 > .X(l .2).X(I .3) 


Call  SET(3- .7. .8.1  .7.1 .10..1 10- .-J.bOOOb.tO. 00008.1  ) 
CALL  HALT*  AX  t  8 . 2 . 1  .4.0.  .U.  »U  .0  » 

DO  20  AO  I=1SP.1HM 
'  "OT~"lACI-lSP-frll  =  I 
204  u~ Pa ( I— 1SP+ 1 > -Vuh t 1 ) 

CALL  CUKVL  (  IA.PA.1  FM —  I  SI  *+  1  > 

Call  -SET  (  3.  .7.  .7  .4.9.4.1U..  11  0.  ,  — U»  00  00  8.  +0  .  OOO  08. 1  ) 

'-•J~  :~vrCALL  HALFAX48.2. 1.4.Q..0. .0.0)  '  “  ^ --r  . 

bu  2080  I=18P.IFM  .  —  . .  ~~  -  *" 

2080  Pa( 1-18P+1 »=D(  I  ) 

call  cuRvt(  ia  .pa  ,ifm-isp+  i  > 

-.*T"  D0~20 1Q  I  — XSS .IFF  .  ‘  - -  - 

"  Ia(1-ISS-U)  =  I 

PA  C  I- ISS+ 1)=XII.1) 

2010  CONTINUE 

;  'r~ . "CALL  SET(3-.7.  ,2.8.  A.  8.  10..U0.. -0.000000005.  +0.00000 

Call  nalPax<8. 2. i.8.o. .o.. o.O) 

Call  nEwpenu) 

CALL  CURVE!  IA.PA.IFF— ISS+l) 

.  r— call  ne«pen(3)  - -  - - 

DU  2020  1=1  SS  .IFF"  “  -  ~  - - - • - - 

2020  PAC  I-ISS+1  )=XC  1 .2) 

CALL  CURVE! IA. PA. IFF-ISS+1) 

'CALL  NEWPENI8)  ' - - 

DU  2030  1=1 88. IFF 

2030  PA( 1-188+1 )=X( I .31 

CALL  CURVE!  1A.PA  ,  IFF  —  ISSFI) 

."CALL  PLOTCO.O.-VVV)  '*  "  "  ' 

"Call  plot (o.o.+vw) 

STOP 

END 

7 TLXEDIPLOTLltl  DO  DSN=USERiOCN.GU INASSO -30BLia.DISP=SHR  '  ’  ' 

X7LK.E0.8Y8IN  DO  * 

INCLUDE  PLOTLIU! PLOT V TEC. PER IM.P4RX ) 

77G0.8YSIN-  DO  DbN-WYL  .  JL.AL1H.  LaR«»  I.iil  8P=S>« 

'♦ewEL-rr-..-:  . . ;'.r:::v  ■  •  *  ••• — T'Trrr.;":'-' 
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The  following  are  tables  of  the  output  from  the  production  runs. 


Appendix  B 


The  following  are  tables  of  the  output  from  the  production  runs. 


B-2 


B-2 


W  “ 


nOuK 

div/l vu-try 

N  Dtb 

5  L >EF 

X  CbNTEU 

Y  CENT tU 

r - 74  3 

-0 

.  376£-q<r  0  .32E  -04 

0.35L-G4 

—0 .37E— O  4 

o.i  it:+Oo 

O.15E+06 

44 — 0 

. 2o2t— 04  0.5  lb— 04 

0.33b— 04 

—0  .3ob  —04 

0.1 1L+Oo 

0.1  4b  +06 

45 

-0 

.  152t— 04  O  .  2  Ob  -0  4 

O  .31E-04 

-O.36E-04 

0.1 OE+Oo 

Q.14E+06 

40 

-0 

.6040—05  0.24b— 04 

O -23b  — 04 

— 0.32E— 04 

0.1 OE+Oo 

0.1  4E  +-0  6 

' - +-  47 

-0 

.226 E-CSTO  .19C-04 

0  -25b  — 04 

-CT.26E-04 

0. 1  OE-t-Oo 

0  .'14E+06  — 

40 

o 

.1010-05  0 .1  2b -04 

O .23b— 04 

— O  .2Ub— 04 

'o  .  1  ot +  t)o 

O  .1  4b  +06 

44 

o 

•  222 E— 05  O.45E-05 

0.2OE-04 

— 0.12L-0  4 

0.1  Ob +06 

0.13E+06 

50 

o 

.  125E— 05-0  .4  It —05 

0.1  6b— 04 

— O  .2  7b -0  5 

0.1  Ob +06 

O  .1  3E  +0  6 

'  51 

0 

.  2e5tr-t)6^0-.95E-05 

0-1  6E-04 

0l27E~O5^ 

'O.lOE +06 

0.13E+06  ' 

52 

0 

. 002 b — Ot>— li  .7 Ob  —05 

0-2UE— 04 

0.65E-0  7 

' 0 . 1 Oh  +06 

0  .1  3b+06 

53 

0 

.  154E— 05  O.IOE-OS 

0.25E-U4 

-O. 87b -0  5 

0.1  Ob +06 

0  .1  3E+06 

54 

0 

•604E — Oo  0.11c— 04 

0.24E-04 

— 0.1'yE-U4 

0.1  Ob +06 

O  .1  JE+Oo 

55 

-0 

.  1  e2E?-05^0  :20fc-04 

0.33E-04 

^0-27b— 04'' 

■"O'.  10E+06- 

~(Til2E-M)6 

DO 

-0 

. 7372-05' u . 1 7b -04 

0-35E— 04 

—0.25L—O4" 

0.1 OC+Oo 

0.1  2E  +0  6 

57 

-0 

.145E-04  O .56b — 05 

0.35E-U4 

-O  .15b -0  4 

0.1 0E+06 

0.12E+06 

56 

-o 

.20  7E-04— 0.4  9E— 05 

O  •  37E—  04 

— O  .4  (jE  — 05 

0.1  0E+-O0 

O  .  12E+Oo 

59 

-o 

.259 E— 04  — O  i  1 4b— 04 

0.38E-04 

0.31E-O5 ' 

0.1OE+O6 

O  .12E+06 

t>0 

— o 

. 299  o  —04  — 0 .22b  —04 

0  .4<)h  —04 

0.1  OE  — 04 

0.1  JE  +Oo 

O  .1  2t  +0o 

61- 

-o 

.320  0— 04  -O  .2  75—04 

0 .4  lb- 04 

0.1  5b  —04 

0.1  Jb  +  Oo 

O . 1 2E  +0  6 

02- 

-0 

.  522E-04  — 0 . 30E  -04 

O  -40b— 04 

0.1  OE  — 04 

0.1  OE+Oo 

O  .1  1 L  +6  6 

- - -  63_ 

-0 

.  2«7E— 04  7-0 -33b -04 

0  -36E-04 

0.2IEHJ4T0.10E+0O 

0.1 lE+Oo 

04— O 

.  1  44 t.-641G  .2 6b— 04 

0 . 25h  — 04 

0.1 yE— 04 

0.1  JE+Oo 

6.1  lb+Oo 

05- 

-o 

.  124  t— 04  — O  .2  lb  -04 

0.1  6E  — 04 

O. 14b —04 

0.1 Ob+06 

0.1  lb+OO 

06- 

-0 

.431b  — u5— O.lOE— 04 

O .56b— 05 

0.56b -0  5 

0.1 0E+06 

O  .1  JE+Ob 

tr 57 

•o 

.151  E-04~  0.33E-05 

-O.  16b— 04 

-0.1 2b —05" 

0.99E+O5 

O  .1  IE  +06 

_  ,  — otj 

0 

. 26  7  o— 04  0.1 5b  —04 

— 0-3OE— 04 

— O  -82b — 05 

0  .9**E  +  05 

O  .1  lE+Oo 

09 

o 

.  352b-U4  0.26E-04 

—0.4  IE -04 

—0.1  5b— 04 

0.98E+05 

O  .1  OE+OO 

70 

o 

.417b— 04  0.32b— 04 

— 0-40E— 04 

-O. 19b -04 

O.97E+05 

O  .lot  +0  6 

*  '  -71 

0 

.420E-Q4  0.35E -04 

— 0-46E— 04 

-0.2 IE- 04“ 

-  0  .97E+05 

Oil  OE  +06 

-  -72 

o 

.  402t— 04  0.37b— 04 

— 0 -45t — 04 

— <3  .  2  3E  — O  4 

0  i9oE+-05 

O.lOE +0o 

73 

o 

.  44  1b-U4  0.1 5E  —04 

—0 -4  OE  — 04 

— O  .21£— Oo 

0.95E+05 

0.99E+05 

74 

o 

.4U3c-04  0.23E-05 

-0.31E-04 

0.1 2E -04 

0.94E+05 

O  .9  7E+05 

i  — — rt  75 

o 

.  308E-04-0  - 5 7b  -05 

-0.22  b— 04- 

b*ai65E>~0S’'’''Oi93E-H>S^"0.96e+05  “ 

~  7o 

o 

•  260  c— 0  4  — O  .  2  6C—  05 

—0.1  4b  — (>4~ 

dm  "0  -92b+05 

O  .93b +  0  5 

77 

o 

•  200  E— 04 -O .62E-05 

— O  -64E— 05 

0 . lOb — 04 

0.9IE+06 

O  -93E+05 

76 

y 

. 1 31 1  —o4 — 0 .32t— 05 

-0.1  8b— Oo 

0.1  2£  —04 

0.89E+05 

O  .92b  +05 

-  79 

0 

. «37  E— OS— 0 .14b  —05 

0-39E-0S 

o.4ce— 05~ 

'O.B8E+OS 

0.9  IE +0  5 

oO 

o 

.  1  99  c — o  5— 0.2  6b  —05 

0-  1  lt-64 

— 0  .55b— O  o 

O  .6  7b +  05 

O  .9i‘E  +05 

61- 

-o 

.  13  7 b — 04  — Q  .3<»b  —05 

0.2 7b -04 

-O  ,50b -05 

0.U5E+05 

O -89E+05 

o2- 

-o 

-211  E— 04  — O  .49t  — 06 

O. 33E— 04 

— O.  90E-05 

O .84E+05 

O  .6  3b  +0  5 

r -  a3- 

-0 

.  549 E-OS'"  0  .  1 4E  -05 

0. 17E-04 

— 0.S5E— 05  ~ 

0.6VE+05 

0.87E+0S 

.  04 

0 

.4  57b— 05  0.4  It— 06 

0 -66E— 05 

— 0.55E-05 

0.81E+05 

"  0 .86t +0  5 
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Table  B-2  DKP  for  the  large-scale  cluster  (without  corrections  for  positi 
errors).  This  data  is  for  a  natural  coordinate  system. 
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O  i33E^04-  ' 

'  *  O  -3SE— 04 
Q.29E-0  4 
0.21E-04 
"0.8  0E-05'"' 
-o.i2E-;64' 

— O  .2  OE  — O  4 
— O  .A  2£l — Oa 

O  -SOE^O  4 . 

— O  .S  2E  — O  4 
O  -Sot  O 4 
-O.3aE-04 
~^072  7E-04^ 
— o  oE-— 04 

-O  .12E-OA 
O  .53E-05 
0726ETfD8 — 
O  -33E— OS*  ’ 

O  .1  IE  — O  A 
0.27E-04 
'  0i3AE'-04  •" 
0.19E— 04 
O.H3E-OS 
O  -8bE  — O  S 
U74SE-OS — 
“  0.2  7Ei;0SJ"  ‘ 
O  -37E — 0  8 
-0.22E-OS 
-a.33E^OS7J- 
-O.S9E— OS 
-0.82E-OS 
-O  .1  OE — 04 
— O  . 1 2E— 04 
-0  -13b— O  a 
-0.1SE-0  4 
-0.1  7b— 0  4 
—0.1  HE — 0  4 


99—0 
'1  00-0 
i  oi-o 
1  02-0 
1  03-0 
1  Oa— 0 
l  os-o 
1  08-0 
1  07-0 


.249E+03 
.  <;sO  r_  +  o3 
■231E+03 
.2S2E+03 
.  253E+03 
1 2s4 E+03 
.2SSE+U3 
»2soE  +  03 
» 258E  +  03 


0  -AYE +00 
o.ayE  +  oO 
0.4  9E+00 
0.49E+00 
O.SOE+OO 
O .sOE +00 
O.SIE+OO 
O.S1C  +UO 
O.S3C+O0 


-0.2  IE— O A 

—  O  .22E— 04 
— 0.22E— 04 
-O .2  IE— 04 
— O -20E — OA 

—  0 . 1  HE— OA 
— 0.1  HE— OA 
-0.1  8E-04 
-0.13E— 04 


-O  .2 OE— OA 
-0  -21b  —0  A 
— O  -2  Ob— 04 
-O  .21  E— 04 
-O  .  1  9E— 0  4 
—0  •  }  oL  — O  4 
—O  .1  4E— 0  4 
-O  .1  2E— 04 
-O  .52E=-0S 


-THE  FOLLOWING  ARE  PARAMETERS  OF  the  riAlUKAL.  SYSTEM 


rkJUR  ALPnA 


SPrT.O 


N  L)EF 


S  OLE 


4  3-0 
44-0 
43—0 
^46-0 
‘*7—0 

48- 0 

49- 0 

"■  so-o 

■  31-0 

52- 0 

53—  0 
-  54—0 

"  ss-o 

50 -  o 

67-0 

t  sa-o 

""  3Y— O 
00-0 
o»  — o 
'"02—0 
oJ-O 
04 -O 
OS— O 
~  06-0 
"  o7— o 
08 — O 
o  9-0 
■"  70-0 

71- o 

72- 0 

73- 0 
~74-0 
~  7s-o 

Vo — O 
77-0 
-r~76-0 
79-0 
n  O — O 
bl-0 
TT82-0 
83-0 
HA— O 

os— 0 
•  80-0 
07-0 
oO— O 
89-0 
‘  90-0 
9 1  — O 
92 — O 
V3-0 
Va— O 

YS— O 
VO— O 
97-0 
*  98-0 


.  loBt+UJ 
.  18.7E+0J 
. 1 t»7E+03 
. 166E+03 
.  1  83E+03 
. 18SE+03 

•  1  04  i-  +  03 

.  1  83E+03 
.  1 835+03 
.  184E+03 

.  1 BDt+d3 

- 1B9E+03 

•  191  t  +  03 
.  192E+U3 
.191  F +  03 
.  190E+03 

.  1YOE  +  OS 

.  lYlt  +  Os 
.191 t+03 
.  193E+03 

.  194  fc+C>3 

. 19oE+03 
.  1 98E+03 
.  200E+03 
.  202 £+03 
•20AE+03 
.  20OE  +  03 
.  208E+03 
.211 S+U3 
-213E+03 
.21SE+03 
-218E+03 
. 220 £+03 
-222E+-03 
.223E+03 
.22SC+Q3T 
.  229E+U3 
.232o+OJ 

.  23 ot  +  03 
.  237E+03; 
.2  37  E+U3* 
.2300+03 

•  239F  +  03 
.  240E+-03 

.  24UE  +  U3 
.  2A1E  +  03 
.  242  2+  03 
-243E+03 
-243E+03 
.24AE+03 
.2ASF+03 
.  245E+03 

•  24ot  +  o3 
.  2  47 1  +  03 
.2AOE+03 
.249E+03 


O .SUE+OO 
O.SIE+OO 
O.SIE+OO 
0 -Sit  TOO 
o.siE+oo 
O.SOE+OO 
O.SOt+OO 

0;4  9C  +oo~ 

0.4OE+0U" 
O  .ATE  +00 
0.A7E+00 
0  .A‘6E:+0  0  ' 
o.aSE+oo 
O  .AsE  +00 
O  .A4E+OG 
DiA3E+00 

O  .42b +UO 

O  .A  IE  +0  0 
0.4  IC+OO 
0V40E+O0 
0.4  0£+’00 
O.AOE+OO 
O.AOE+OO 


0  .4  4E — O  A 
O .A2E-OA 
G.39E— 04 
'0  .  3AE — 0  a 
O . 3UE — 04 
0.20C— 04 
0.2  IE— Oa 
0;iCE-04 
0-1  /£— 04 
O .20E-D4 
0.28E— 04 
O'.  34E— 04 
C.4IE-OA 
O  .A2E— OA 
O  .3  lie. — OA 
O .30E-04 
O . 3  SE  — O  4 
0.34E— OA 
0.3  EE— 04 
0.2GE-04 
0.22E-04 
0.1 2E — 04 
0.53E-OS 


"  (T^ApE:+OCr3'0".90E::;-06 
V.40E+00'  —0.1  it— 0  4 
O.AIL+OO  — O.IAE-OA 
0.415+00  —  0.1  2E— 04 
o;a2E+oo  '  ^-o  .ioe-04 
0.4  3E+00  — U.4sE— t»S 
0-44E+00  0-1  HE— OS 

0.4SE+00  -Q.13E- 04 
0i47E+0a7^0;  1  9E-0  4 
o“.4 HE  +o O  — O  .  1  Oi£— 04 
O.A9E+OQ  — O.ltiE— 04 
O.SOE+OO  — 0.18E-O4 
■  OVSOE+O  07=^071 2ET-0  A 
‘o.A'yE+oU  — O^S2E-o5 
0.48E+00  —  0-23E— OS 
O  .4  72+00  -O.S2E-OS 
O  .AHE  +OQ'^-0'.32E— 05 
O.AYE+oO  O.blE-Oo 
0.49C+00  0.2  IE — O  3 

O.SOE+OO  0.33E— 05 

O.SOE+OO ~ 0.2SE— OS 
0.5  OE+’O  0  O’.  2  4E— Os 

O-SOE+OO  U-38E-08 
0.50E+00  -0.34E-0S 
O  ;50E*00~^0  C32EEOS 
O.SOE+OO'  — O^SSE-OS 
O.SOE+OO  — O.B4E— OS 
O.SOE  +  OO  — 0.12E— 04 

o.soE+oo  — o;i4E-oa 

O.50E+OU  —  o-l  4E~ OA 
O.SOE+OO  — o.lsE— Oa 
O.A9E+00  — O  •  1  ‘.ill — Oa 
0.49E+00  — 0.19E— Oa 


-O  .28fc— 04 
-O  -2  HE — 0  4 
— O  .2HE— O 4 
-0.2SE-04  ' 
— O .2 1 E — 04 
-O  .lsE-OA 
-O.B7E-OS 
— O  -KFfc— Ob  ’ 
O  -4  3£T— Os 
O  .2 HE  —OS 
-O  .32E-05 
-o  -giE^-os': 
-O  -I  3E—Oa  ' 
-O  .9(£-05 
— 0-S8C — 08 
0’.84E— OS  ~ 
O  .1  ot— 04 
0.2  4E-0  4 
O  -30E— 04 
O  i33E^04-  ' 

'  *  O  -3SE— 04 
Q.29E-0  4 
0.21E-04 
"0.8  0E-05'"' 
-o.i2E-;64' 

— O  .2  OE  — O  4 
— O  .A  2£l — Oa 

O  -SOE^O  4 . 

— O  .S  2E  — O  4 
O  -Sot  O 4 
-O.3aE-04 
~^072  7E-04^ 
— o  oE-— 04 

-O  .12E-OA 
O  .53E-05 
0726ETfD8 — 
O  -33E— OS*  ’ 

O  .1  IE  — O  A 
0.27E-04 
'  0i3AE'-04  •" 
0.19E— 04 
O.H3E-OS 
O  -8bE  — O  S 
U74SE-OS — 
“  0.2  7Ei;0SJ"  ‘ 
O  -37E — 0  8 
-0.22E-OS 
-a.33E^OS7J- 
-O.S9E— OS 
-0.82E-OS 
-O  .1  OE — 04 
— O  . 1 2E— 04 
-0  -13b— O  a 
-0.1SE-0  4 
-0.1  7b— 0  4 
—0.1  HE — 0  4 


99—0 
'1  00-0 
i  oi-o 
1  02-0 
1  03-0 
1  Oa— 0 
l  os-o 
1  08-0 
1  07-0 


.249E+03 
.  <;sO  r_  +  o3 
■231E+03 
.2S2E+03 
.  253E+03 
1 2s4 E+03 
.2SSE+U3 
»2soE  +  03 
» 258E  +  03 


0  -AYE +00 
o.ayE  +  oO 
0.4  9E+00 
0.49E+00 
O.SOE+OO 
O .sOE +00 
O.SIE+OO 
O.S1C  +UO 
O.S3C+O0 


-0.2  IE— O A 

—  O  .22E— 04 
— 0.22E— 04 
-O .2  IE— 04 
— O -20E — OA 

—  0 . 1  HE— OA 
— 0.1  HE— OA 
-0.1  8E-04 
-0.13E— 04 


-O  .2 OE— OA 
-0  -21b  —0  A 
— O  -2  Ob— 04 
-O  .21  E— 04 
-O  .  1  9E— 0  4 
—0  •  }  oL  — O  4 
—O  .1  4E— 0  4 
-O  .1  2E— 04 
-O  .52E=-0S 


B-8 


ke  b 


POT.  VURT-  EON-  COMP-  5 
Av  j  HOOK  lIMfc  UEK  L>1V»VIJK 


+ 


44— 0  , 

45- 0  . 
Ao— 0 . 

™tl  *7-0. 

AO— O  , 
49“  0, 
50-d, 
J^Tbl-O. 
~  oi:  u . 
b3  0  , 
b4  0 . 
""'bb  O. 
bo— 0 . 

07-0. 
bd-G  . 
|»r  59-0. 
~ oO— 0 . 
01-0. 
02—0. 
"  ‘^  03  O. 
*OA  O  . 
05 

oo 

l67 
*  oo 
09 

70  O 
-71  O 
'/2-0 

73- 0 

74- 0 
"  75-0 

Vo-0 
77-0 
7B  O 
79  O 

OU— (J 
bl  O 

t»2  0 

03  0 
04  O 
05  0 
oO-O 
87—0 
'  oo— U 
o9 — O 
90-0 
91 

92- 0 

93- 0. 

94- 0  . 

95- 0. 

90— 0  • 

97- 0  . 

98- 0  . 

99- 0  . 


1 4o9  r. — 09  -O  . 
9 AO  t -09—0  . 
.  1  3o£— OO— U  . 
1 6d£— Od3>  • 

.  lWC-Utt  O  . 
227t— Ofc>  O. 
19oc.— OB  0. 
4l7E-OSrj>. 
.  153E- ub  O . 
255E-0O  O. 
251t— Go  O. 

7ooE-ag£o. 

1  9b  t  — OO  — O  . 
30BE — 00—0  . 

2  09  F. — OO  — G  . 
233E- 08  ^H)  . 

I94t— OO— O  . 

,122  t-Ott-O. 
7751.-09-0  . 
309 E— 09^0. 

1  ot>  t— oo  — U  . 

2  49 1— Ob  -O  . 
337t— Ob— O . 
345E-0iJ^.05 
jl2t-Od*U^ 
240  E— OO  O. 
1  54  t — OO  O. 
o92E-09Tp . 
2b  1  c— oo  O’. 
405t— OO  0- 
134E- OB  O. 
/iSE-oqr^tr. 
i oo  t— oo  u . 
boot— lO  o. 
OoOE— 09  0. 
45oE-io::<r; 

JOOL-J9  O. 
317  E— 09  — O . 
Oo2 E — 09  — O  . 

i2oe-o<r^o± 

229 1 — 1 1  U. 

400t— 11  U. 

223E— 09 
443E-09 

904 t— 09 

OJ6t- 09 
450E-09 


0. 

o 

u 

o 

o. 


— o  .  V29E-0ST  O  • 


loot— oo 

912 t— 09 

493E-U9 

4B7E-09 

04  1  t— 09“ 

593t— 09 

S23E-U9 

570E-09 


O 

O  • 

O 

o 

6. 

O  . 

o 

o. 


2  'A.  -O  o  — O 
10E-08  -O 
O  4E  — 09  — O 
22E-09  -O 
93t  — 10  -O 
19E-09  -O 
95E—  lO  — O 
20E-10  -0 

44£— lO  O 

1 2E  — 09  O 
73E-I0  O 
1BE-09  0 

7 It -09  — O 
12E-OB  — 0 
1 bE-OO  -O 
17E--00  -O 
17E-UO  -U 
1  7E— Ob  -O 
lot -Ob  — 0 
1  3E-OB  -O 
lot— oo  o 
72t-09  O 

3  OE  —09  O, 
12E— Ob  0 
2bt — Oo  o, 
377  Ob  O 

4  of  — O  B  O 

4SE-0H  0 
4  /E-OB  O 
4  2E-OB  — O 
33E — 08  O 
26E-OS  '  O 
20t-0»  O, 
l  bt  -U(.  O. 

ioe-ob  o, 

65E— 09  0. 

1 5t  — 09  — O 

lOE-OU  -o 
1 7E  — Oo  — O. 
44E-09  — O 
JOE- 09  O. 
52E-09  O 
O4E-09  O, 
7  OE— 09  O 
7  4t  —09  -O 
74E-09  O 
7oE-09  o 
74E-09  -0. 
t>9t-09  — O, 
bbfc  — 09  — O  i 
OUE-09  0. 
56E-09  0, 

S0E-09  -0. 
4bE — 09  — 0. 
4  2E-09  -O. 
40E-09  -O . 


.  54 1  OO 

.2  7E-OB 
.222 — oo 
.  1 92—00 
.  1  bt  —  Ur> 

>2  IE — Oo 
.  1  9t  —  (>b 
.40fc— 09 
.  1  ot — 0<4 
.2  7E-0O 
.2oE  -0.-1 
.O1E-09 
►  2  7E-0b 
.4  3E— OU 
.42£-ii« 
.40E  —Go 
.  3  7E-OST. 
.29t-Ub 
.  24E  — Oo 
.  1  GE-Ob 
.bDt-Ov 
.  IbE—  OO 
.  3 1 E  —  Gil 
.4  YE-OB 
.br.t-Uh 
.c>  IE— Oo 
.ooE—  Ob 
.55E-0B. 
.  !9t-Ob 
,fc>bE  — 09 
.  1  9E — Ob 
.•i9t-oar 
.32E— 09 
.  14t— OB 
.  1  7E-0b 
.70E-09 

.  1  bt — U9 

.72E-09 
.  97E — 09 
.  32E — 09 
.3/E-UV 
.52E-09 
.4  2E-U9 
.25E-09 
«23E— 09 
.  lOE  — 09 
.30E-O9 
.19E-09 
.318—09 
.2t>t— 09 
.  1  OE  — 09 
.  OttE  — 10 
.  34 1 — Oy 
.  1  4E— 09 
,  i  OE— oy 
.17E-09 


J 


1  00-0. 125E-09' 

101  O.bOBE-lO’ 

102  U.330E-09 

103  0.7abE-O4 

104  O.bBOE— 09 
1  o5  O.  7G9t— 09 
1 Oo  0.1 hbE_UB 


0.36E-09 
0.5  2E-09 
O . 30t  — 09 
0  » 2<>E  —0*7 
0.27E-09 
0  -2  OE  -09 
0.21 E— 09 


0.23E-09 
0.41 £—09 
0-04E— 09 
0.1 OE— Ob 
O.B5E—  09 
0  *90t  —  09 

u.i y£-on 


-7 


rtuUft  DIVER  '  VURlY  N  DUE  S  DUE  X  CENTER  Y  CENTER 


43- 0 .3B76-04C O .32E-04  0«3o6-04  -0.386-04  O.llE+Od  0.136+05 

44-  0.270t“ 04  0.326-04  0-346—04  — 0.3-/6— 04  0.116+00  0-146+05 

45- 0.1886-04  O  .24t-U4  O  .  326—04  — 0.37E-04  O.IOE+Oo  O  - 1 4£  +0  O 

40 — 0.8306— 05  0.256—04  0-296— vj4  — 0.336— 04  O.IOE  +  Oo  0.146+Co 

3'  47-O.237E-05*  0.206-04  G.2oE— 04  -G  .276-043  O.  1  0E+O8  0.14E+06*' 

40  O. lOot— 05  0-136—04  O  .24  6  —  04  —O  .206-04  ~  U  .  1  06 +08  0.14E+0O 

40  0 . 2336— OS  0.46t- 05  0.21E  —  04  -0.126-04  0.106+00  0.13E+0O 

50  O.  132 E— 05— 0  .436-05  0.1  96-04  — 0.296-05  O.IOE+Oo  O-136+Oo 
-'*'51  O  .301  E-OO-O .1  OE  — 04  0.1  9E-04  O -29E— 05  "  O  .  1  OE+OO  ~  O  .1 3E+06  ’  ’ 

52  0  .  038  t — oo  — O  .  7  3t  — O  5  O. 226—04  0.556-07  O. 106*00  U.l  JE+Oo 

33  0.1 04  t — 05  0.176—03  (1-276—04  —  0.936-05  O.luE+Oo  0.136+00 

54  O  •  502  E — Go  0.126—04  0.326-04  -O  .206-54  O.IOE+Oo  0.13E+0r> 

35-0.  198E-05  O -21E-04  0.3oE-U4  — O  .306—04  "  O.IOE  +  Oo  (J.12E+08 

5o— O  .51  3t  —03  *0.1  ML  —04  U.3oE— 04  —  U.25E— 04  O.luE+Oo  U  .126+Uo 

57-0.1036-04  0.056-03  0. 406  — 04  —0.106—04  O.IOE+Oo  0.12E+0O 

38- 0.2396-04-0.376-05  0.42E— 04  — 0.33E-O3  O.IOE+Oo  0.126+00 

39— 0 .310  E — 04  — O  - 1  OE  —04  0.46E— 04  O  .376^-05"“  O.  lOE+OO  0.12E+06 

oo-o.  j/ol- u-fHI  .27E-04  O-Tal  6—  04  o-l  36—04  O.luE+OO  0. 126+00 

Ol  —  0  •  4  33  E— 04  — O  .376  — 04  0-58E  — 04  0-21  6-04  O.IOE+Oo  O  .126+05 

52—0 .4  006-04  — 0  -4ot  -04  0-016—04  0.276— 04  O.IOE+Oo  O.llE+Oo 

~  03-0. 5036-04 -0  2506 -04  0  .0  26—04  O  . 376^4 "~’0 . 1  06+08  0.116+06 

04— O  .  400  6—04 -O  .306-04  0.316— 04  0.306—04  O  .  1  OE+-00  0-1  16+00 

03— 0.2026— 04— 0.4UE-04  0.376—04  0.326-04  0.106+-0O  0.1  16+00 

06— O  .  1  1 1  6—04  -O  .206-04  0-1  56  —04  O  .  1  4E  —04  O.IOE  +  Oo  0.1  16+0  8 

*  -—'07  O.  3746-04^0  .01E-05-0.41E-04  —0.306—05  O. 996+03  0.1  16+00 

t*tl  O  .  324 1  -04*"o  .24E  -O 4  -0-006—04  — O. 106-04  '  (1.916+Ob  O.llE+Oo 
OS*  0.3936-04  0.446-04  -0.006—04  — O.2o6— 04  0.986+05  O.IOE+OO 

70  O  .  oOl  E — 04  0.406-04  -0.896-04  -O  .276—04  0 .071+03  O.IOE+OO 

-71  0.343E— 04  0  2‘4«>E-04  -0 .02E-04  7MT;27E:fCr|r,'r0;97E:+057'‘  O.'l  06*06^ 

72  0.4036-^04  0.436—04  —0.346—04  —0.2  76—04  “0.9oE+OS  O.IOE+OO 

73  0.5096-04  0.1  06-04  — 0.406-04  -0.236-00  0.956+05  0.V9E+05 

74  O  .  44cj6— 04  0.236-03  — 0-346  —  04  0-136— 04  O.94E+0S  0.97E+05 

73  0.3346-04  0.026-05  -0.246-04  O.T1E— 05  ~  0.936+05  O.98E+05 

70  0.2796-04— O -306— 03  —0.136—04  0.136-0+  0.926+03  U. 936*03 

77  0.2126-04— 0-006  -03  -0.076—03  0.196-04  0.91E+05  0.936+03 

70  O.  1  396-04— 0-346— 03  -0.1  VE  —  OO  0.136-04  0.096+03  0.926+05 

—  79  O. O62E-05-O .156-05  0-41E— 05  O.50E-O5  0.886+05  U.91E+05 

OO  0.2096— 05-0  .3UE— 03  0.116  —  04  — 0.3«E-00  0.876+03  0.90E+03 

01-0.1436—04-0.306  -0  3  0.296  —04  -0.536  -03  O.B5E+05  0.096+03 

02-0.2276-04-0 .336-00  0-306—04  — 0.10E-04  0.046+03  0.B6E+05 

63-0. 3976-05  0.136-03  0.106-04  -O  .93E -05^*0 .826+05  "  O -87E+05" 

04  0.490c— 05  0.436-00  0.726—03  —0.596—03  U .  K 1 6+03  0-806+03 

03  O.  700  6— 03  O. 106-03  0.4  76  —03  — O  . 036  —03  0.796+05  0.056+03 

OO  0.O006-05  0.526-06  0.30E  — 03  -0.466-03  0.706+05  0.846+05 

07  0-9026— OS’— O  •  1  3E— OO  0.126— OS  -O  .376-05  *  0.706+05  0.836+05 

OO  u  .  1  05c— 04— 0  .296  — 0  3  O  .  1  2  6  —  Oo  — O.SoE  — (jo  0.736+03  0.826+05 

89  0.111  6—04  — 0 .7oE  —03  0.256  —  0/  0.436—03  0.736+0  5  0.816+03 

90  0.1146-04-0.786-03  -0.906  — (JO  0  -496—03  0.71E+03  0.816+03 

91  O.  1  15E-04-0 .1  IE-04  -0.136-05  0.0  36— 05  0-706  +  05  O.80E+03 

92  0.114  L— 04— O  .  1  36—04  — U.14E—  U3  O.luE— 04  O. 086+03  U. 796+03 

93  0.1146-04-0.196-04  —0-3/6—  Oo  O.loE— 04  0  .0/6  +03  O.7tU+03 

94  0.1086-04-0.2  26-04  -0.426—  Oo  0.196—04  0.036  +0  3  0  .  77E+03 

93  O.  102  6— 04-0  .226-04  -0.476—00  0.20E— 04  0. 036+05  0.77E+03 

9o  O  .93  76— 03— O -236— 04  0.336—00  U-2j6  — 04  O  .026+03  0-7oE+03 

97  0.9196-03—0.286-0  4  0.176  —03  0.206  -04  0.OU6+-O3  0. 736+05 

98  0.8776-03-0.296-0  4  0.206—  03  0.276—04  0.3OC  +  03  0.736+03 

"  99  0.8596-05-0.326—04  0.2o6-05  O.30E— 04  0.5/6+05  0.74E+05 


100  O.  7986-05-0  .346-04  0.416-05  0.31E-04  0.536+03  0.73E+05 

I  Ol  U.  /  l /t— U3— U  .336 -04  0.496  —03  O.30E— 04  0  .53L+03  0.7  36+03 

102  0.8596-03-0.3-16-04  0.336-03  0.306-04  0.326+05  0.726+03 

103  0. 39 Jt-o3  -0.306-04  0.056— 03  0.276-04  0-306+03  0.72E+05 

1  04  0.32  3  6-05  -0  .  2  76  -0  4  0.72E-03  O  .246  -04  0.486+05  O.71E+05 

103  O  .  j/oL-Ua— O  .206  -04  0-896  —  03  0.2u6  — <>4  0.4/6  +  03  0.71L+03 

loo  0 . 30/6-03-0 .226-04  0.936—05  0.166-04  0.436+05  0.706+05 

lo/  O  .  5o(»6-o5-0  .  I  46 -04  0.9«>6  — 03  O.lOL-04  0.436+03  0.70E+03 


B-8 


rtuUft  DIVER  '  VURlY  N  DUE  S  DUE  X  CENTER  Y  CENTER 


43- 0 .3B76-04C O .32E-04  0«3o6-04  -0.386-04  O.llE+Od  0.136+05 

44-  0.270t“ 04  0.326-04  0-346—04  — 0.3-/6— 04  0.116+00  0-146+05 

45- 0.1886-04  O  .24t-U4  O  .  326—04  — 0.37E-04  O.IOE+Oo  O  - 1 4£  +0  O 

40 — 0.8306— 05  0.256—04  0-296— vj4  — 0.336— 04  O.IOE  +  Oo  0.146+Co 

3'  47-O.237E-05*  0.206-04  G.2oE— 04  -G  .276-043  O.  1  0E+O8  0.14E+06*' 

40  O. lOot— 05  0-136—04  O  .24  6  —  04  —O  .206-04  ~  U  .  1  06 +08  0.14E+0O 

40  0 . 2336— OS  0.46t- 05  0.21E  —  04  -0.126-04  0.106+00  0.13E+0O 

50  O.  132 E— 05— 0  .436-05  0.1  96-04  — 0.296-05  O.IOE+Oo  O-136+Oo 
-'*'51  O  .301  E-OO-O .1  OE  — 04  0.1  9E-04  O -29E— 05  "  O  .  1  OE+OO  ~  O  .1 3E+06  ’  ’ 

52  0  .  038  t — oo  — O  .  7  3t  — O  5  O. 226—04  0.556-07  O. 106*00  U.l  JE+Oo 

33  0.1 04  t — 05  0.176—03  (1-276—04  —  0.936-05  O.luE+Oo  0.136+00 

54  O  •  502  E — Go  0.126—04  0.326-04  -O  .206-54  O.IOE+Oo  0.13E+0r> 

35-0.  198E-05  O -21E-04  0.3oE-U4  — O  .306—04  "  O.IOE  +  Oo  (J.12E+08 

5o— O  .51  3t  —03  *0.1  ML  —04  U.3oE— 04  —  U.25E— 04  O.luE+Oo  U  .126+Uo 

57-0.1036-04  0.056-03  0. 406  — 04  —0.106—04  O.IOE+Oo  0.12E+0O 

38- 0.2396-04-0.376-05  0.42E— 04  — 0.33E-O3  O.IOE+Oo  0.126+00 

39— 0 .310  E — 04  — O  - 1  OE  —04  0.46E— 04  O  .376^-05"“  O.  lOE+OO  0.12E+06 

oo-o.  j/ol- u-fHI  .27E-04  O-Tal  6—  04  o-l  36—04  O.luE+OO  0. 126+00 

Ol  —  0  •  4  33  E— 04  — O  .376  — 04  0-58E  — 04  0-21  6-04  O.IOE+Oo  O  .126+05 

52—0 .4  006-04  — 0  -4ot  -04  0-016—04  0.276— 04  O.IOE+Oo  O.llE+Oo 

~  03-0. 5036-04 -0  2506 -04  0  .0  26—04  O  . 376^4 "~’0 . 1  06+08  0.116+06 

04— O  .  400  6—04 -O  .306-04  0.316— 04  0.306—04  O  .  1  OE+-00  0-1  16+00 

03— 0.2026— 04— 0.4UE-04  0.376—04  0.326-04  0.106+-0O  0.1  16+00 

06— O  .  1  1 1  6—04  -O  .206-04  0-1  56  —04  O  .  1  4E  —04  O.IOE  +  Oo  0.1  16+0  8 

*  -—'07  O.  3746-04^0  .01E-05-0.41E-04  —0.306—05  O. 996+03  0.1  16+00 

t*tl  O  .  324 1  -04*"o  .24E  -O 4  -0-006—04  — O. 106-04  '  (1.916+Ob  O.llE+Oo 
OS*  0.3936-04  0.446-04  -0.006—04  — O.2o6— 04  0.986+05  O.IOE+OO 

70  O  .  oOl  E — 04  0.406-04  -0.896-04  -O  .276—04  0 .071+03  O.IOE+OO 

-71  0.343E— 04  0  2‘4«>E-04  -0 .02E-04  7MT;27E:fCr|r,'r0;97E:+057'‘  O.'l  06*06^ 

72  0.4036-^04  0.436—04  —0.346—04  —0.2  76—04  “0.9oE+OS  O.IOE+OO 

73  0.5096-04  0.1  06-04  — 0.406-04  -0.236-00  0.956+05  0.V9E+05 

74  O  .  44cj6— 04  0.236-03  — 0-346  —  04  0-136— 04  O.94E+0S  0.97E+05 

73  0.3346-04  0.026-05  -0.246-04  O.T1E— 05  ~  0.936+05  O.98E+05 

70  0.2796-04— O -306— 03  —0.136—04  0.136-0+  0.926+03  U. 936*03 

77  0.2126-04— 0-006  -03  -0.076—03  0.196-04  0.91E+05  0.936+03 

70  O.  1  396-04— 0-346— 03  -0.1  VE  —  OO  0.136-04  0.096+03  0.926+05 

—  79  O. O62E-05-O .156-05  0-41E— 05  O.50E-O5  0.886+05  U.91E+05 

OO  0.2096— 05-0  .3UE— 03  0.116  —  04  — 0.3«E-00  0.876+03  0.90E+03 

01-0.1436—04-0.306  -0  3  0.296  —04  -0.536  -03  O.B5E+05  0.096+03 

02-0.2276-04-0 .336-00  0-306—04  — 0.10E-04  0.046+03  0.B6E+05 

63-0. 3976-05  0.136-03  0.106-04  -O  .93E -05^*0 .826+05  "  O -87E+05" 

04  0.490c— 05  0.436-00  0.726—03  —0.596—03  U .  K 1 6+03  0-806+03 

03  O.  700  6— 03  O. 106-03  0.4  76  —03  — O  . 036  —03  0.796+05  0.056+03 

OO  0.O006-05  0.526-06  0.30E  — 03  -0.466-03  0.706+05  0.846+05 

07  0-9026— OS’— O  •  1  3E— OO  0.126— OS  -O  .376-05  *  0.706+05  0.836+05 

OO  u  .  1  05c— 04— 0  .296  — 0  3  O  .  1  2  6  —  Oo  — O.SoE  — (jo  0.736+03  0.826+05 

89  0.111  6—04  — 0 .7oE  —03  0.256  —  0/  0.436—03  0.736+0  5  0.816+03 

90  0.1146-04-0.786-03  -0.906  — (JO  0  -496—03  0.71E+03  0.816+03 

91  O.  1  15E-04-0 .1  IE-04  -0.136-05  0.0  36— 05  0-706  +  05  O.80E+03 

92  0.114  L— 04— O  .  1  36—04  — U.14E—  U3  O.luE— 04  O. 086+03  U. 796+03 

93  0.1146-04-0.196-04  —0-3/6—  Oo  O.loE— 04  0  .0/6  +03  O.7tU+03 

94  0.1086-04-0.2  26-04  -0.426—  Oo  0.196—04  0.036  +0  3  0  .  77E+03 

93  O.  102  6— 04-0  .226-04  -0.476—00  0.20E— 04  0. 036+05  0.77E+03 

9o  O  .93  76— 03— O -236— 04  0.336—00  U-2j6  — 04  O  .026+03  0-7oE+03 

97  0.9196-03—0.286-0  4  0.176  —03  0.206  -04  0.OU6+-O3  0. 736+05 

98  0.8776-03-0.296-0  4  0.206—  03  0.276—04  0.3OC  +  03  0.736+03 

"  99  0.8596-05-0.326—04  0.2o6-05  O.30E— 04  0.5/6+05  0.74E+05 


100  O.  7986-05-0  .346-04  0.416-05  0.31E-04  0.536+03  0.73E+05 

I  Ol  U.  /  l /t— U3— U  .336 -04  0.496  —03  O.30E— 04  0  .53L+03  0.7  36+03 

102  0.8596-03-0.3-16-04  0.336-03  0.306-04  0.326+05  0.726+03 

103  0. 39 Jt-o3  -0.306-04  0.056— 03  0.276-04  0-306+03  0.72E+05 

1  04  0.32  3  6-05  -0  .  2  76  -0  4  0.72E-03  O  .246  -04  0.486+05  O.71E+05 

103  O  .  j/oL-Ua— O  .206  -04  0-896  —  03  0.2u6  — <>4  0.4/6  +  03  0.71L+03 

loo  0 . 30/6-03-0 .226-04  0.936—05  0.166-04  0.436+05  0.706+05 

lo/  O  .  5o(»6-o5-0  .  I  46 -04  0.9«>6  — 03  O.lOL-04  0.436+03  0.70E+03 


THE-  EOLLQwlNb  ARE  PARAMETERS  UK  THE  flATUHAL  SYSTEM 


MO  UR  AUMA 


SPEED  N  Uth  S  DEE 


A  3— 0  .JijiJttOJ 
44—0.  lb7L+03 
4i-0 . i«7t+03 
'  4o- U  *  i  tvoE+03 

4/-O.U>at+OJ 
40 — 0 . 1 «bt+U3 
4Y-0 .164 L+03 
'  50-0. 103E+03 
Si  — O •  1  i>jL*  03 
32-0 . 1  64L  +  OJ 

53—  O . lbot+Oj 

54- 0 . 169E+03 
S3— O  •  1  91  h+03 
SO— O.  1  Y2E  +  Oj 
S7-0  -  19)  F.+  03 

—  53-0. 1YOE+03 

39-0.  iYUt+03 
bO-U.  191  fc  +  03 
o  1  —  0  .  1  y  i  t+03 
""  “  o2— 0  •  1 Y3E+03 
o3— 0 .194 t+03 
04-  O.  19bt+Oj 
b5  — O  .  1  96E+G3 
~  bo-0.200E+03 
o  7—0 . 2  02 1  +  03 
ob-0.204E+03 

69 —  O .^Ou 1 >03 

70— 0 .  20t*£+03 
Y 1 —0 .ell t+03 

72— 0 . 2  13E+U3 

73- 0-215E+03 
74~0.2  1«E+03 
#3—0.2205+03 
Vb-O -222E+03 
#7— 0  -22  JE  +  03 
YlE-0 .22SE+ 03 
7Y— 0  .22YE+03 
OO-0.252E+O3 
31  —0  -  230 1 4- 03 

32— 0 . 237  c+03 

33- 0.E37E+03 
b4-0 . 7JHL  +  V13 
35— 0  .  2  3Y  E+  03 
too-O  .  2TT0E  +  03 
b7-0. 2+0t+03 
33-0.  2-41  t  +  Ob 
bY— 0.242 t+03 
YO— 0.243E+03 
Y1-0.2H3E+C3 
Y2— O . 244  t  +  03 
Y3-0 .2435+03 
Y4— 0 .2 45 t+03 
9b- 0 .  2  ao  t+  03 
90-0 .747L+OJ 
9/-0.74HF+U3 
Y3— 0.2 49c+0j 


O  .SbE  +  oO 
O.blLLOO 
O  -S  lE+oO 
0.31E+O0 
0.51E+O J 
O  .503 -RIO 

U.bOE+uo 
O. AYE +00 
U.4bt+UO 
0.4  7C+00 
O  .4  7E+O0 
0-455 +00 
O.43E+O0 
O  .43E+00 
0.44E+00 
O  .  A3E  -tOQ 
O  .A  2t+O0 
O  .A  1L+O0 
O  .A  lE+OO 
0-40E+00 
O .A  OE  +  OU 
O  .AOt-HJO 
0.4OE+O0 
~  OiAOE+OO' 
O  .a  OE+OO 
O.A  lE+OO 
O.A lE+OO 
O  .431+00 
o.43t+DO 

O  .441+60 

O  .45E+00 
0.47E+O0 

O  .4i£  tOO 

O.ayE+oo 

0.50E+00 

o.soe+oo 

O  *493+0 O 
0.4UE+00 
0.4  7E-H10 
U.4UE+OC 
0  .ay£+O0 

0.49E+00 

O.SOLHIO 

o.soe+oo 

0.50E+00 
0.50E+00 
O. SUE +00 
0.50E+00" 
0.3OE+OO 
O.SOE+OO 
0-50E+00 
O.SOE+OO 
O.SOC+uO 
0  .SOE+OO 
0  .4  Ytl+O  O 
O  .4YE  +U0 


O  .  A  St— 1)4 
O.AJE— 04 
O  ,AOE— 04 
0.3<jE-04 
0.31C— 04 
0.27E—04 
0.2JE- t>4 
0.1  YE— 0  A 
O.IdE-Oa 
0-2  IE— OA 
0-23E— 04 
"036ET-O4 
O.aSE— Oa 
O .46E — OA 
O.A3E-OA 
O  .a  1E — Oa' 
O  .  4  2E — 04 
0.4X314 
0.4 JE— 04 
O.A3G— Oa 
U.33E— Oa 
O  .2  aE— Oa 
0.1 2E— O a 
~  O  -2  3E  — O  5 
— 0-2  /E— Oa 
— 0.23E-0A 
-0.2  i£~04 
-0.15E-0A 
-0.3 OE— 05 
0-22E-05 
— 0.1  SE-OA 
O i2  IE— O  A 
-0-1  IE— Oa 
—0.1  TEOa 
-0.19E-04 
— O i 1 3E— O A 
— 0.55E— 05 
— O  .2aE—05 
— 0.33E— 03 
~—0  .  5'1>E— O  5 
0  .t>  7E — Ob 
0*2  3E  — O 3 
0.30E-03 
0.27E-05 
0 . 23>E — 05 
O.A  IE— Ot> 
— O  .  3bl£ — 05 
-0.35E-O5 
-0.3YE-03 
— O.YOE-OS 
-O  .1  2E-OA 
—  O.  1  4t~04 
— O  .1  aE— Oa 
—0.1  7E  — Oa 
— o . lyfc— Oa 
— O  «20E — 04 


-O  .2S3-OA 
— 0.2  YE— OA 
— O  .2YE— O A 
-O  23  L>X  — O  A 
— O  -22E  —  Oa 

— O  .  1  lit  — O  A 
— O  -Y  It —OS 
— 0  .9 IE -03 
O  .A  bE — 05 
O  »2*>E — 05 
-O  .3aE — 05 
O  -9BE— OS' 
*—  O  .1  At— OA 
— O  .1  IE— O  A 
-U.75t— OS 
0.Y7E— 0  5 
0.1YE-0A 
0.301— O  A 
O  .4  IE— OA 
'  O  .5  IE— OA 
O  .025-04 
O  .0  03—0  4 
0.47E — OA 
"  Oi21E-H)4 
— O .3 Oh — Oa 
— O  .5oE— Oa 
-O .7  OE — 04 
— 0.72E— 04 
— O .OOt  — 0  A 

— 0-s  id— Oa 
— O  .A  At — 04 
-O  .305=04 
-0.22E-0A 
— O  .1  5t  — O  4 

— O  .Sot— O  5 
-0.275-06“ 
O  .35E-03 
0.1  IE — 04 
O  .2  YE — 1>4 
0.37E-0A 
O .2 1 E— Oa 
O  .9ut-Ob 
0.72E-05 
0.5OE-05 
O  .2YE-05 
O  .aOE— Ob 
-0.2  At -05 
— 0.365— O  S' 
— 0.O3E-05 
— O  .ttTE— 03 
-0.1  IE— OA 
-0.13E  — 04 
-O  .1  45-04 
— O  .1  ot — OA 
-0.1  7E—  OA 
-O.IYE— OA 


Y9-0. 24YE+Q3 
1 OO— O . 2 Sot +03 
1 u 1  — 0  —  251E+05 
1  02  -0.232E  +  03 
1 03—0. 233E+U3 
1  us  —O  »  2  SA  h  +  U  3 

r05=oT2*St  +  O3 
I  Oo  — 0  •  2  So  E  ♦  O  3 
1 07— 0. 2S0E+03 


O.AYE+OO  -0.22E--04  — O  .2  IE— OA 
D.A'JL+UO  -U.23E— OA  -O  .2  IE— 04 
O.AYE+OO  -U.  221—0  A  —o  .2  IE— 04 
O.AyE+OO  -O  .225—04  — O  .2  It  — O A 

0.5  Ot+OO  — O  •  2  OE  — O  A  — 0.1YE— OA 
O-Sot+oO  -u  .  1  YE— 0  4  — 0.17E— OA 
O.Slt+OO  — O  •  1  YE — 04  -O.ISE-OA 
0.51E+OO  -0.1  n  -o A  -0.12E-OA 
0.5  3ERJ0  — O  •  1  3E— O  A  -O.53E-03 


B- 11 


pot.  wort.  Son.  comp,  s 

HOUR  TlMt  Utft  DIV*VOK  Ut-^ 


*«<*— 0.4  j/L— UV— o.JUt-0«  — O.Ji>E—  Ot* 
4t> — — OS*— O.  Hit — O r»  — 0.20C —  0<* 
4t>—  0 . 1  Sh  t—  Ori  — O  .fa  Ot  —  OSi  — 0.2-JtT — Oil 
r  "  47-0.  1  7.iE-oa^-0'-24£-OS>  -0.20t- OH 

<*6—0 . 2Jot — ot)  0  .vt»£  —I  O  —  o.20t  —  uo 


POT.  WORT.  £UN.  COMP.  S 


c 
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44  — <J 
46 — O 

46-  0 

47— 0 

*46—0 

4V~0 

50 - O 

51- 0 

52  0 

53  O 
64  0 

'  55  0 
5o— u 
57—0 
56-0 
5V-0 
t>0— o 
ol  -0 
u2-C 
'  53-0 
04  0 

05 
t>t> 

67 
oo 

69 

70 
'  71 — O. 

72- 0. 

73- 0. 

74- 0  . 
76-0. 
76-0. 
7  7-0. 
73  0. 
7V  O. 
oU-O  • 
ol  0. 
02  O. 

'W  o. 
64  0. 
06  0  • 
< jo— 0  . 
07-0. 
06— 0  . 
69-0. 
VO— 0  . 

vi-o. 

V2-0. 
V3-0. 
V4 — 0  . 
93 — 0  . 
Vo— O  . 
v7— 0  • 

VO-0  . 

V9-0. 


.4J/L-UV-U 

.v3i  t-ov-o 
.  1  Jot — Ori  — O 
. 1 73E— 08— O 
.  200t  — 06  0 

.236 t — 06  O 
.207E-O8  O 
.4<l7fc-09  0 
.  loit-Oo’  O 
.  2  74h-08  O 
. 273 1— 06  0 

•  4HE-C9R) 

•  200C  — Oo— O 
.  04  Jt— 06-0 
.317  t— 06— 0 
.  j03t— 06—0 

.  2 VOL — Oo— O 
.  2oi  1-06—0 
.2030— 06— O 

•  1 6  3 1- 06-0 
.  134  t— 06 ^O 
.  442E — 06  — O 
.  77V  b— 08  -O 
.  767E-0830 
.497t-Ott"'u 
.2J5t— 08  O 
.  334  t-09  O 
.  200E-O9L0 
.  3 Vo c-Oo  O 
.  66Vt-08  O 
.loOL-Ob  O 
.  777E-09  O 
■  1  70  t  —  Oo  O 
.30Vt-10  O 
.  702E-UV  O 

•  4 V6b  — 1 O  O 
.  Jl  7t  — OV  O. 
.  333E-0V-Q 
.  726L-0V— Q 

.  130E-09-0 
.  333t-il  O 
.4ttlt— 11  O. 
.242L-0V  O. 
.  4O0E— 09"0  . 
»IO4t-0b  U. 
.061 t-OV  O, 
»404h— OV  O, 

•  V64E-OV  O. 
.  1 Oot— 06  O  . 
.  V52L-0V  O, 

,502t-oy  o. 

.4V3L-0V  0, 
.  064  L— OV  O. 
•oUOt-UV  O. 
524fc-0V  O, 
5/16-09  0. 
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.7SE-06 
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.3*4- -08 
.2«E -OH 
.2  11  — Oo 

.  1 6t -OO 
.1  IE  —06 
.6UE-OV 
.  1  ot  -OV 

.  1  ie-om 

.  1  lit  -06 

•4  8E — OV 
.4UL-HI9 
.86E-OV 
.7UE -OV 
.7OE-0V 

•  but  -09 

.  7  Vt  — 0  V 

•  61E-OV 
./Of  -OV 

•  73t  -OV 
.66t— OV 

•  62E-OV 
■  5  7E  — O  V 

•  61  t-OV 
.  4C.fc  — OV 
.4  it  -09 
.40E-09 


Ut6 


— O. J6E— Oo 
— 0.26E  — 06 
-0.2 JE-Oo 
— 0.2  Ot  —  OH 
— 0.20t— 06 
-0.22E— 06 
— 0.20E-00 
— 0.4JE  —  Ov 
0.1  7E-0O 
O  .2  Vt  —  06 
0.26L-06 
0.71 1  —  O* 
-O  .2VE  —  Oi. 
— 0.46t  — 06 
-U.4VL  —  Ji  > 
— 0.5QE-0U 
— 0.4  VC—  06 
— O  -46E— 06 
— 0  .  4  6E  —  06 

— O.27E—06 
0.4 6t— OV 
U.36E — 06 
0.72E-OH 
0.1  IE— 07 
0.1  1 E  —  07 
O.V7E— 06 
0.7  VE— 06 
O.66E— 08 
0.2  IE  —  06 
— O.V7E — OV 
0.20E-OH 
0.21E~Of# 
U.34L— OV 
0.1 6L— 06 
O.  1 6L — 06 
U  .  73E  -OV 
— O  -  1  oL  —  uv 
— O.  76L— Ov 
-0.1  It— 06 
— 0.35E-OV 
O  .4  (It  —  OV 
0.67E-0V 
0.4OE-0V 
0.28E-0V 
— 0.24L— OV 
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-0.2  7E— OV 
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— O  .  1  <*L  — OV 
— 0.V2L  — IO 
-O.  1  7E-JV 
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1  00-0. 1  09 t-OV  '  O  .36E-OV 

101  0.1  03 1 — OV  O.JJt-OV 

102  0.366L-OV  O.30t-OV 

103  0.804 t-OV  0.2VE-09 

104  0  .  bOttt — 09  0.27E-O9 
106  0.  7  J 7 1— 0 V  0.2OE— 09 
106  0.17 O  t— 08  0.2 IE -09 


0.26  b— OV 
0.4 JE— OV 
0.0  7E— OV 
O.  1  1  E— 06 
O.OOE— OV 
O. 94E— OV 
0.1  VE — Oii 
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Table  B-7  DKP  and  the  location  of  the  center  of  mass  for  the  small-scale 
cluster  (without  corrections  for  position  errors).  This  data  is  for  a 
geographic  coordinate  system. 


HOUR  D1VR  VORTY  N  OFF  S  OFF  X  C  FN  TER  Y  CENTER 


1  4-0.  I06E-O2-O . 36E  -03  -0.G0C-03  0.93E-03  0.°4E+05  0.22E+06 

15  0.347  C  — 03  0. 403-04  0.162-03  -0.27E-03  0.96E+0S  0.21E+06 

16  0.997E— 04  —  0.43E— 05  0.27F-O4  -0.10E-03  0.97F+05  0.21E+06 

17  0. 2 34 C-04-0. 1 6E -04  -0-36L-05  -0.66F-04  0.98F+05  0.21E+06 
1 8 -0 . 1 62E-04-0 . 22E -04  -0.I5C-04  -0.522-04  0.992+05  0.20E+06 

1  9  -O  .  39  7ET-04-0. 27E  -04  -0.123-04  -0 . 4  5E -0  4  0.1  02+06  0.20E+06 

20-0.5  I 9E-04-0 . 34E -04  -0.14E-04  -0.40F-04  0.1  0E+06  0.20E  +  06 

2  I  -0.540E-04-0. 4  1  C -04  -0.44E-05  -0.35C-04  0.1  0C+06  0.  19E+06 

2  2  — O .4725-04  —  0.4  3 E  —0  4  0.1  1E-04  -0.2eC-04  0.1  0E  +  06  0. 19E  +  0o 

2  3 -0 .339E-C4-0. 5  1  E -04  0.22E-04  -0.20E-04  0  .1  0E+06  0.19E+06 

24-  0.209C— 04— 0.50E-04  0.432-04  -0.11E-04  0.10E+06  0.19E+06 

25- 0. 1 01 E-04-0.45E -04  0.52C-04  -0.25C-05  0.10E+06  0.18E+06 

26-  0.314E— 05  — 0.  ~*6F  -04  0.54E-04  0.32E-05  0  .  I  0E  +  06  0.18E+06 

2 7- 0 .5372 -06-0 . 2 7E -34  0.492-04  0.02E-05  O  .  1  OE +06  0.13E+06 

28 - 0. 331 E-06-0 . 1 3E -04  0.39E-04  0.13E-04  0.10E+06  0.1SE+06 

29 - 0 .5 l 7 l-07-0.8 5E -05  0.27E-04  0.16E-04  0.10E+06  0.17E+06 

30  0. 3653-06-0. 1 2E -05  0.12E-04  0.18C-04  O.IOE+Oo  O.17E+06 


3 1 -0 .624  E -06 

0.  J3E  -0  5 

-0 .4  4C-05 

0 

21E-04 

0  .1  OE  +0  6 

0. 

1  7E+0  6 

32 -0.24 7F -06 

0. 952-05 

-0 . 1 8E -04 

0 

22F-04 

0 .1  OF +06 

0. 

1 7E+06 

33-0. 62 1 h -05 

0.  1 -04 

-0 . 3  21  -0  4 

0 

22 E  — 0  4 

0  .  I  OF +  06 

0. 

1  7F  +  0  6 

3  4-0. 1  32  E-  04 

0  .  l'iT-04 

- 0 .4 3 C —  0  4 

0 

2  2E-0  4 

0.1  Oc  +  0  o 

0. 

1 oE  +0  6 

35-0.2021-04 

0 . 165 -04 

-  .  5  2':  -0  4 

0 

20 2 -0 4 

0 . 1  OE  +06 

0. 

1  6  E  +  0  6 

36-0. 2666-04 

0. 15E -04 

-  0 . 5  7C  -  0  4 

0 

»7r -04 

0 . 1  OE  +06 

0. 

1 6F  +0  6 

37-0 .3432-04 

0  .  1  1 !  -04 

-0 . 5  6t  -04 

0 

132-04 

0.1  OF  +  0  6 

0. 

1  6t  +0  6 

3  8  —0 .283E-04 

0. 1 5E-05 

-0 . 3  5E -0  4 

0 

loE-05 

0 .1  0E  +  O6 

0  . 

1  oE  +  0  o 

39-0.1 03E-04- 

0.  1  7E -04 

-0.60E -05 

-0 

1SE-04 

0 . 1  OE  +  0  6 

0. 

1  5E  +0  6 

40  O  •  2  50  F.  —04  -0.3  9F  —0  4  0.31E-04  -0.36C-04  0.10E+06  0.  15E+06 

41  0.4  3b  t  -04  -  O.  6f'C  — 04  0. 1  01-03  -0.50C-04  0.1  0E  +  06  0.  15E+06 

42  0.353E-04-0. 33E-04  0.132-03  -0.53E-O4  O.IOE+Oo  0.15E+0o 

43  0. 1 032-04-0. 57E -04  0.1  2E-03  -0.61E-04  0.10E+06  0.I5E+O6 


71  0. 124E-03-0. 1  15-03  -0 . 

72  0.862E-04-0. 6 1 E -04  -0 . 

73  0.4S6E-04— 0. 30E-04  0. 

74  0.660E-06-0 . 1 3£ -04  0. 

75- 0. 441 E-04-0. 57E-04  0. 

76- 0. 1  02E-03-0.57E-05  0. 

77- 0.745E-03  0.13E-03  0. 

78  0 • 362  E  — 03  0.12E-04  -0 . 

79  0 .651  E-04-0 . 2  I  E-04  -0  . 

80- 0.890E— 04  — 0.  73E-04  0. 

8 1 - 0. X 36E— 03— 0. 262-0 3  0. 

82- 0 . 787E-04-0. 23E -0  3  0. 

83- 0. 8422-04-0. 24E-03  0. 

84- 0. 355E— 03-0. 36C-03  0. 

85  0.317E-03-0.32E— 03  0. 

86 -O. I 72C-04-0 .45E -03  0. 

37-0. 1 09C-03-0. 30E-04  0. 

68  0.127E— 03  0.12C-03  -0 . 

89  0. 5 1 0E-03-0 -43E -03  0. 

90  0.353E-04-0. 1  IE -03  0. 

9  I -0.279E-03-0. 1 8E-03  0. 

92  0 . 5  0  2  t  —0  3—  0 . 1 5  E  —0  3  -0. 

93  0. 107E-03-0. I 6E-03  0. 

94  0.163F-03  0.342-04  -0. 

95  0 .670  E  —04  0.352-07  -0 . 

96  0.239t-04— 0.67E -04  0. 

97- 0.791  E-04-0.  1  12 -03  0. 

98- 0. 1  16F-04-0.295  -0  3  0. 

99  0.359E-04  — 0.52E  — O  4  0. 

100-0. 1 73 E-04-0. 93E -04  0. 

10  1  0.  1472-04-0.  1  /E  -03  0. 

102-0.  I  922-03-0.  I  OF  -03  0. 

103  0 . 342 E -04-0 . 6 6r -04  0. 
1  0  4  -O.  1  991  -04  -0 . 3  HE  -0  4  0. 

105- 0. H2H2 -04-0.63r  -04  0. 

106- 0 . 365E -03  0.232-04  0. 

10  7  0.  I  l 32 -02-0. 4 6F  -0  3  0. 


Table  B-7  continued. 


34E-0  4 

o .  4  2)  r:  -  o  4 

0  .3 8E +05 

1 22-04 

0.  1  3C-04 

0  .8  7E  +  05 

69E-05 

-0  .  112-0  4 

0  .  8  oE  +  05 

332-04 

-0.302-04 

0.652+05 

4  9E-04 

-O. 84E-05 

0  .8  3E  +05 

64E-04 

-0.  1  1 E-0  3 

0.8  2E  +05 

49E-03 

— 0  *  o  3  2-03 

0 .8  IE  +  05 

2  7E-0  3 

0.248-03 

0 .79E +05 

56E-04 

0 . 68  E  -0  4 

0 .73E+05 

50E-04 

-0.  132-04 

0 .765+05 

25E-03 

-0  .  1  3E-0  4 

0  .75E  +  05 

26E-03 

0.892-04 

0 .73E+05 

24E-03 

0.  17F-03 

0  .72E+05 

1  SC  — 0 J 

0. 25E-03 

0 .70E+05 

23C-03 

-O  .  1  4  2  -0  7 

0 .oCE+05 

4  75-03 

0.912—04 

0  .66E  +  05 

1  3F.-0  3 

-0 . 23C-0  3 

0  .6  5E  +0  5 

1 2t -03 

-0.74E-04 

0  .6246  +  05 

1 9E-03 

0 .oOE-O  3 

0  .6  1E  +  05 

1 0E-03 

0.172-04 

0  .59E-+05 

2 EE -03 

-0.225-03 

0 .58E+05 

45C -04 

0 . 50E-0  3 

0  .S6E  +  0S 

1  or  -  0  3 

0.142-03 

0  .54E  +  05 

1  55-03 

0 . 1 55 -0  3 

0  .536+05 

3  9E-0  4 

0 . 83F -0  4 

0 .5  IE  +05 

3  IE -04 

0 . 65F -0  4 

0  .4  9C  +  0S 

64E-04 

-0.31E-04 

0  .4  BE  +  OS 

24E-03 

-0.69E-05 

0  .4  6E  +05 

3SE-04 

0.  13E-0  3 

0  .4  4E  +  05 

4  9E-04 

0.  71  E-0  4 

0  .4  3E+05 

1  1  E-0  3 

-0 . 242  -0  5 

0  .4  IE  +  05 

622 -04 

-0.935-05 

0  .4  06+05 

i lr-OJ 

-0 . 39F -0 4 

0  .386+05 

9 4  (  -04 

-0.89F-04 

0  .376  +  05 

4  32-0  4 

-O.lir-n 3 

0  .355+05 

. .  3F -04 

-0.30  2  -0  3 

0  .335+05 

2  ir  -0  3 

O  .  1  3  F  -  0  2 

0  .3  1E  +  05 

0.  1  0E+06 
0. 1 0E+06 
O. 1 OE+Oo 
0 . 99E  +05 
0.98E+05 
0. 96E+05 
0. 95E+05 
0.94E+05 
0.93E+05 
0. 92E+05 
0. 90E+05 
0.8  9E+0  5 
0.89E+05 
0. 8SE+05 
0 . 87E+05 
0.8  6E +0  5 
0.85E+05 
0. 84E+05 
0.83E+05 
0.83E+05 
0.82E+05 
0.81E+05 
O  .  8  IE  +05 
O.HOE+OS 
O. 79E  +0  5 
0.  79E  +05 
0 . 78E+05 
O  .  7  7E+0  5 
0.7  7E  +05 
0. 77E+05 
O. 76E+05 
0. 75E+05 
0. 75E  +05 
O. 74E+0S 
O. 74E+05 
0. 74E+05 
0. 73E+05 
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Table  B-8  DKP  and  the  location  of  the  center  of  mass  for  the  small-scale 
cluster  (with  corrections  for  position  errors).  This  data  is  for  a  geo¬ 
graphic  coordinate  system. 


HOUR 

01  VE7 

VORTY 

N  DEF 

S  DEF 

X 

CENTER 

Y  CENTER 

14 

i3i  r— 03  o 

•  45  E-  04 

0. 

9ee- 04 

0.11  E- 03 

0. 

94E+05 

0 

•22E+06 

15-0 

4236-03-  J 

,  56E-  04 

-0. 

20E-03 

0 .32E-C3 

0. 

96E+0S 

0 

.21 £+06 

16  0 

2 1 6E- J3- J 

•  95£-  05 

o. 

59E-  C 4 

- 

C.22E-C3 

c. 

97E+05 

0 

.21 E+06 

17  J 

3  77E-0  4-  J 

•  25  E -04 

-0. 

5  7  E- C5 

- 

0.11  E  -  03 

c  • 

9864-05 

0 

.21E+06 

.  18-0 

256E-04- J 

.  34  E  -  04 

-0. 

24E-  04 

- 

c.81 E-C4 

c. 

99E  +  05 

0 

.20E+05 

1  9-0 

581 £-04-0 

. 47  E-04 

-0. 

3  1  E-  C4 

- 

C  •  7b  E  —  C4 

0. 

1 0E+06 

0 

.20 E+06 

2  0-0 

l 07E-03- 0 

.  70E-04 

-0. 

30E- 04 

- 

0  .82 E-04 

0. 

1  0E  +  06 

0 

•20E+06 

2  1-0 

150E-03- 0 

. 1  IE- 03 

-0. 

1  2E-  04 

- 

C.96E-C4 

C  • 

1  CE+06 

0 

• 19E+06 

22-0 

200E-03-  0 

•20E-03 

0. 

45E- 04 

- 

0. 12E-03 

0. 

1 OE  +  06 

0 

. 19E+06 

23-0 

199E- 03- J 

.  30  E- 03 

0. 

1  7E-  C 3 

- 

0. 12E-03 

c. 

1 06  +  06 

0 

•  19E  +  06 

24-0 

1 l 6E-03-0 

•  28  E—  03 

0. 

24E-  03 

- 

C.59E-C4 

0. 

1  OE-t-06 

0 

■ 19E+06 

25-0 

45  1E-04-.0 

•  20E-03 

o. 

23E-  03 

- 

0  •  1  1  E-04 

0. 

106+06 

0 

. 1 8E+06 

26-0 

l 16E-04- 0 

• 13E-03 

0. 

2  0E-  0  3 

C.12E-C4 

c. 

1 CE  +  06 

0 

•18E+06 

27-0 

191E-05-  0 

•  93  E  -  04 

0. 

1  7E- 03 

0 ,28 E-04 

0. 

l C6+06 

0 

.186+06 

28-0 

1 32E-05-0 

•  67  E- 04 

0. 

1  4E- 03 

0,47 E-04 

0. 

l 0E+06 

0 

.186+06 

2  9-0 

3  72  E -06- 0 

•  37  E-04 

0. 

1  2  E-  C  3 

0.70  E-04 

0. 

1 0E  +  06 

0 

•  1 7E  +  06 

30  0 

1  33E-05-  0 

•65E-05 

0. 

68E- 04 

0.10E-03 

0. 

106+06 

0 

.  1  7  E+06 

3  1  -0 

477E-05  0 

•  27  E—  04 

-0. 

3  IE-  C  4 

C  .  15E-C3 

0. 

1 0E+06 

0 

• 17E+06 

32-0 

269E-04  0 

.  10E-03 

-0. 

20E-C3 

0  .23 E-03 

0. 

1 0E+06 

0 

. 17E+06 

33-0 

151E-03  0 

. J1E-03 

-0. 

7  7E-  C3 

C  .S3E-C3 

0. 

10E+06 

0 

.17E+06 

34  0 

226E-03-0 

• 26E-03 

0. 

74E- C3 

- 

0.38E-C3 

0. 

10E+06 

0 

•16E+06 

35  0 

84  4E  —  0 4—  0 
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Table  B-8  DKP  and  the  location  of  the  center  of  mass  for  the  small-scale 
cluster  (with  corrections  for  position  errors).  This  data  is  for  a  geo¬ 
graphic  coordinate  system. 
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4th  data  point  (without  corrections  for  position  errors).  This  data  is  for  a  geographic 
coordinate  system. 


* 


cn 

S- 


a) 

~£Z 

4- > 

5- 

o 


to 

4->  • 

c  ^ 
a>  to 

c  s- 
o  o 

CL  S- 

E  S- 
o  a> 
u 


c 

c  o 

O  -r- 
•»-  4-> 

4-5  -r- 

to 

ro  lO 

a; 

=3  O 

O*  CL 

<U 

cc 

s- 

>>  O 

4-5  M— 

•r— 

s- 

a  to 

o 

•»-  c 

;> 

4-5  O 

* 

t-  .r- 

> 

O  4—» 

•r- 

>  u 

o 

<D 

»—  S- 

fO  s- 

•r-  O 

+->  o 
c 

s- 

01  -C 

<D 

4->  4-5 

O 

O  -r- 
O-  3: 

CD 

E 

•r— 

4-5 
r—  C 

f— 

1 

CQ  O 

CL 

ai 

r—  ro 

s- 

X)  4-> 

3 

<D 

O 

h-  -a 

X 

a> 

cr> 

co 

CO 

co 

00 

00 

a\ 

cn 

cr» 

o 

o 

o 

O 

O 

o 

O 

o 

O 

o 

o 

o 

1 

O 

ry 

*“ 

1 

t 

LlJ 

i 

UJ 

UJ 

UJ 

UJ 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

CO 

LO 

, — 

o 

r— 

CTi 

to 

1 — 

o 

LO 

LO 

r^. 

CO 

CO 

C\J 

C\J 

r— * 

1 — 

r— 

CO 

to 

cn 

ooooooooooooo 

i  i  i  i  i  » 


»—  cr»cococr>cocoa>cr»oo>CT>cr> 
»—  oooooooooooo 

i  i  i  i  i  i  i  i  i  i  i  i  i 

LULULULULULUUJLUUJUJLUUJUJ 
^■r^r^coc\jc\j, —  C\J  C\J  (\J  LD  r-  CO 

i —  r— i —  in  vo  rn  co  i —  r^.  to  «d- 

ooooooooooooo 

I  I  I  I  I 


CT»CTi  COOCOOCOOOO^OOO 
OOOOOOOOr-OOOO 
I  I  I  I  I  I  }  I  I  I  I  I  I 
i  I  1  1 1 1  1 1  l  UJ  UJ  LlJ  lu  iu  lu  lu  uj  lu  lu 
CO  CO  N  I —  O  VOi —  VO  ID  CM  ID 

cof^^cocor-coincoi —  n  ro 

—  I —  LT)  C\J  CTl  I —  Hi —  CO  tO  tO  CO 


OOOOOOOOO 
I  I  I  I  II 


O  O  O  O 
I  I  I  I 


O^a-OOCvJVOO'd-OOCNJUDO^CO 

mLninvoio^NNMCocjiwcn 


B- 23 


■LNzO  A  tCUNdO  X  dDO  S  JUG  N  A1U0A  iiDAlCJ  bOOH 


m 


S- 

a 

a 

c 

c 

1/ 


cr 

x  ^'0\0’OsooocvcooO'OooinirMn^^knin 

+  +  +  +  +  +  ^  + 

Uj  X  X  til  X  UJ  X  lli  UJ  X  X  X  X  Li.  X-  LlJ  U  X  X  HI  UJ  X 
r-0'£NNvCi/)<T^rOCJf\J'-'-'CinoNrO-‘CDO 


oooooooooo 


it  r  o  <o  vc  o  p  '-o  in  in  in  in  X  in  m  in  in  in  m  in  in  in 

OOCCCCOCOOOCOCOOOOOOOO 
+  +  -4-  +  +  +  +  +  +  +  +  -f  +  +  +  +  ***  +  +  +^  + 


a  *  LJ  LJ  X  X  UJ  LJ  LJ  liJ  X  Li.*  id  t* » liJ  LJ  LJ  X  LJ  X  U  LJ  X 
<r  c\'  c  —  in  X1  —  cl  •- 
•ct'0'00'oa,cccoNvCvoin<r<?- 


OCOCCC-CCC' 


n  <r  <:  <r  fO  ^  c  n  m  <r  ^  lO  it  ^  <r 
COCOCCCOOOOCOOCCCCOOCO 
I  If  I  I  II  I  I  !  I  I  I  I  I  II  1  t  I  I  I 
LJ  Ll  LJ  X'  LJ  I'J  LJ  U  U.  UJ  X  X  L  J  LJ  LJ  LiJ  LJ  LL'  X  UJ  UJ  LJ 
-^srinvc^vcavcinvo^ojin-mo  —  conaivC 
^-a'c\jO<Tin^*<f^r)^c\j^c\:mxcscC‘'-LO  —  <r 


coooooooooocccoooooooo 
ill  l  ti  i  ii 

C  iT)  ^  <t  10  LO  ^  <r  ^  -J  sT  LO  IT  s?  C 

COCOCCCCOOOOCOOOCCCCOO 
I  I  ll  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  1  I 

«  J  X1  X  U  LJ  X  _  X  U  X  a-  X  V  '■  LJ  X  XL.'  X  X  L !  X 

n  n  -n  nNnccc  x*  c  -  cv  r» 

in  n  —  vj>  lo  Cj  r-  <?*  n  <r  —  —  'C  n  j  —  rj  oj  <r  'C 


cooocoooocrjcoccocceccc 
l  l  i  I  i  i  i  I  i  i  i  i  i  i 

in  ro  n  h  ^  <j  <r  <nn  -  <f  >'■)  ?  c  io  <r  ^  c  o  ro  ^ 

oocoooccocccocooooocoo 
l  I  I  T  i  i  I  i  i  i  i  i  i  i  I  i  i  i  i  i  i  i 

X  X  X  X  X  X  X  X  L*J  X  LJ  L*  LlJ  X  X  X  X  X  X  X  LJ  X 

vooa'vo^O'C'mC'^os-coo<?nrs*'Cc\j(\!rr)rj 
—  <t  c\]  ~  ~  — r  —  sto  —  — 


1  I  I  1  I  I  I  1  I  I  I  l 

OOOOOOOCOOOCCCOCOOCCCO 
I  I  I  I  I  I  I  I  I  I  I  I  I  I  !  I  I  I  I  I  I  I 

X  X  X  X  X  X  X  UJ  X  U  X  X  X  ll]  X  V!  X  U  X  X  X  X 


ooin-’N-*^ccf'j(T‘^0'f\j<j-  j>  <n  I*-  rn  vo  in  n  lo 
ry  — ■  <r  j>  X  X  c  <t  nj  n  n?  —  ^  oj  o  cj  n  r.1  ^  co  o 


ooooooooooocoooocoocco 

I  I  I  I  I  III  It  I  II 

^  —  in  J'  rn  r-  ~  .n  »n  f'*  -  x  ^  ^  ^  - 

-  rj  (\  ^  n  n  c  j  j  w'  ;  ^  r  ~  t  ^  ; 


<j 


cu 

n3 

<J 

LT, 

I 


a 3 
E 
co 


at 

-£= 


X 

o 

<4- 


tn 

oo 

03 


E 


X 

QJ 

•4— > 
C 

a> 

u 


a> 

sz 

+-> 


*4— 

o 


c 

o 


03 

cj 

o 


a> 

jz 


TD 
C 
03 

CL 

-L-> 

Q  C 

O 

LD  q. 

1  03 

CO  -L>  • 

03  E 
a>  X3  ai 
. — 

-Q  C  tA 

07  *- '  "*■ 


with  corrections  for  position  errors).  This  data  is  for  a  geographic  coordinate 
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4th  data  point  (without  corrections  for  position  errors).  This  data  is  for  a  geographic 
coordinate  system. 
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with  corrections  for  position  errors).  This  data  is  for  a  geographic  coordinate 


